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Prefggg

This transcript is an essentiallly unedited version of the

proceedings of a meeting held to acquaint the industrial community

with the technical asvects of the Orbiting Astronumical Observatories

Project.

It should be understood that this was not a proposers, bidders,

or manufacturers' confereace, but purely a meeting whereby NASA

could provide additional information

to those companies which have

shown a continuing interest in this project and particularly answer

the numerous questions which have arisen.

For clarification of statements

made at this méeting it is

requested that you contact the speakers directly.

Nancy G. Roman




PROCEEDINGS

DR. SCHILLING: Good morning, ladies and gentlemen.
It is my pleasure to welcome you to this briefing session on
our orbiting astronomical observatories projects. Each of you
has received our invitation and a tentative agenda. We are not
ready yet to let out formal invitations for bidding on this
project. Rather, we have experienced since the last few months
that many of you have become so interested in this project that
we have had with us just about everyone in this room, and I think
many of you have visited some of our contractors who are merely:
engaged in preliminary instrumentation and scientific development.

We thbught the easiest way for you, as well as for us,
would be to present our present plans, and the present status of
this project in a general session like this one. The Orbiting
Astronomical Project is one.of the projects in our observational
astronomy program. The head of this observational astronomy

nrogram i Dr. Nancy Roman, who will lead this session today,

and present to you the various speakers assembled at this

table.

I want to introduce to you at this time Dr. Nancy
Ronman.

DR. ROMAN: Thank you. I think I had better stay
seated. Astronomers have for a long time wanted to get

beyond the earth's atmosphere. The earth's atmosphere has two

very serious effects. First, the light which does get through
- .._,...)_.-——-—*""‘———___——ﬁ\



the atmosphere is distorted,
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and secondly, much of the

radiation does not get thrmgh because of molecular absorption

in the earth's atmosphere.

Palloons and now g

opportunity to get beyond th

radiation from celestial sou
However, all astronomical so
the sun are faint, and almos
distant, are extremely small
not exploit the advantages o
unless you are able to get u
telescopes, and unless you
telescopes pointing at one r
periods of time to a high de

It was with these

a

ntellites give us the first
e atmosphere and study

rces in an undistortéd form.
urces with the exception of
t all,

because they are very

Therefore, you can

angularly.
f getting above the atmosphere
p there reasonably large sized
re able to keep these

egion of the sky for long

gree of accuracy.

considerations in mind that we

started the Orbiting AstronoFical Observatories Project.

The purpose of this project

that is, to get a telescope

perhaps 36 or 40 inches in diameter,

can be pointed to within a £
for periods as long as the s

for the type of orbit we

is to satisfy these requirements,
pof moderate size, up to
in a satellite, which
raction of a second of arc
which

tar remuins visible,

are considering is about 45

minutes to an hour in most positions.

Now, it is obvious

to produce such a satellite.

ly a fairly large undertaking

It is also obvious that these
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basic requirements are necessary for almost any type of
astronomical experiment which we wish to conduct in the
region in which optics are used. Therefore, we have planned
the satellite for this project with the idea that we would
have a basic shell, if you want to call it that, which
we have been calling our stabilized platform system, into
which various types of optical instrumentation could be
inserted. We have divided the responsibility on this
project. NASA is directly taking over the responsibility
for the stabilized platform system which will provide all of
the features common to any astronomical experiment which we
would like to do. This will include the stabilization,
guidance, power supply, and some sort of finder system
to tell where the telescope is pointing.

In addition to this, responsibility for individual
experiments has been distributed anong university and
other scientific groups who are represented here today.

I think at this point I would like to go around
the table and introduce the people whom you see here.
Starting from this end, we have Dr. Code, Washburn
Observatory, University of Wisconsin. Mr. Triplett, Ames
Research Center, an NASA laboratory. Mr. Robert Davis,
Smithsonian Astrophysical Observatory. Dr. Kupperlan of Goddard Space
Flight Center of the NASA. Mr. James Milligan, Goddard

Space Flight Center. Dr. J. Rogerson, Princeton. Dr.



Liller of the University of M;

will hear from each of these
I think most of you
specifications which were pre
Center outlining the general
If any of the companies here
received these specifications
a slip of paper with your nam
that you get a copy within a
to distribute this morning, u
Dr. Schilling has a
this meeting. I think you al

The idea is that each of the

will give a short description

then invite questions from thy

experiment. At the end we wi
of the engineering aspects of
Research Center, and then we
to general questions on any p
I hope to be able to finish t
meeting by one o'clock, but i
to continue into the afternoo
There is one other
The pr

mention at this time.

written in terms of the Vega

ichigan Observatory. You

entlemen in just a minute.
have received the preliminary
ared at the Ames Research
equirements for this project.
n the audience have not
if you will please give me
and address, I will see to it
eek or so. I do not have any
fortunately.
ready outlined the purpose of
have the agenda in hand.
stronomical groups represented

of their experiment. I will

=3
-

audience on that particular
11 have a discussion of some

the project by the Ames

11 throw the meeting open
rtion of the project.

e major portion of the

there is sufficient interest
, this will be possible.
oint which perhaps I should
liminary specifications were

ehicle. It appears now as if
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the Vega may be eliminated, and instead an Atlas Agena B
substituted. This is a very new development. I don't think
it will affect the program markedly. I have not had the
time to go into the capabilities of the Agena in detail.
This is a very new development, as I say, and it still is
not firm. However, it looks like it should be able to do
about the same job as the Vega.

With this I will turn the program over to the
astronomers -~ I will take it back. There is one other
person in the audience I would like to introduce at this
time. This is Mr. Curran of our Procurement Division. Mr,
GQurran, will you please stand? If any of you have detailed
questions on procurement procedures, as compared to
technical questions on this project, I would appreciate it
if you would direct it to Mr. Curran.

Now I would like to turn the meeting over to Mr,
Milligan, who will discuss the Goddard experiment for an

ultraviolet stellar spectrograph.

ULTRAVIOLET STELLAR SPECTROGRAPH, NASA

GODDARD SPACE FLIGHT CENTER, BY J. MILLIGAN

MR. MILLIGAN: I would like to spend a few minutes
sketching out to you a tentative optical design for an
astronomical telescope. I will spend very little time, if
any, on techniques of guidance, or things of this sort. I

will leave that for questions later on.



(Blackboard demonstra

MR. MILLIGAN: The te
envisioning will probably take
the sort I am sketching out on
be able to fit into the overall
you. The telescope will consis
optics will consist of a 36 ind
operating probably around F-1,
put a return beam through the h
of about F-5. Since this is a4
from here to here will be of th
30 and 36 inches, something of
The light will then come throug
back intd

a collimating mirror,

large grating, on to a camera h
Now, this system is b

spectrometry. We are asking fqg

We are more interested in photametry -

resolution work. We are talkin

resolutions varying from one an

7
tion.) (See Figure)
lescope that we are
the form of something of
the board. At least it will
constraints that I am giving
t, that is, the collecting
h mirror which will be
and a secondary which will
ole in the primary mirror
| 36 inch mirror, this distance
e order of somewhere between
that order of magnitude.

h a diaphragm here on

the tele scope, on to a
ere, over to a detector system.
eing designed for
r moderate to low resolution.
than we are in high
g in terms of

the spectral

gstrom, which will be our

best resolution, to resolution

angstroms. This telescope is

One,

to get absolute energy distributions of

of the order of 50

eing designed for two purposes.

stars in

the wavelength regions from 4,000 angstroms to 1,000

a gstroms.

The second thing that we want to use it for, we
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want to get spectra on an absolute basis of emission nebulae
which occur in the sky and integrated stellar systems, that
is, galaxies. So we have essentially two different purposes.
In one case, we are dealing with a point source in the sky.
In the other case we are dealing with an extended region.

Our guidance accuracies in the two cases will be
a little bit different, say from the point source here
for the extended region, called No. 2. From the point
source it looks as though we are going to need guidance
accuracy of the order of one second of arc for periods of
the order of 40 seconds. That is, we want the drift
within a veriod of 40 seconds to be no greaterthan one second
of arc. . On the extended emission regions we will be
very happy if we can get guiding accuracies of the order of
oreminute of arc for a period of, let us say, 25 minutes.

At the present time the plan is to use one or more
photomultipliers as a detection system. These photo-
multipliers will have slits in the front of them, and each
one of them will be looking at a certain wavelength band.

To produce scanning of the spetrum in the observatory, it
looks as though we are going to have to rotate this grating
in finite steps every 20 seconds, something of this sort.
That is one reason I gave guidance of one second accuracy
in the period of the order of 40 seconds.

The detectors will be used as photon counters



and the readout system will be

to have data of the order of 9gne per cent accuracy.

very, very difficult to do in
are probably gding to be deali
way we are going to be able tg
to count these photons in each
that photon-wise we wiil have
one per cent With a final accy
way wé arelplanning on doing t
to essehtially count on each ¢

and meaéure the time int

count a certain number of coun

ng wi th in a satellite.

racy of

9
something as follows. We want

This ¥

a telemetry system such as we

The
do this , we want to be able

one of the detectors so

accuracies of the order of

.1 per cent. The

his at the present moment is
ne of these detectors
erval it takes for us to

ts.

We will then storé the time it takes for the

detector to count the counts,

back to the ground. So essent

and telemeter the information

ially what we will be

telemetering back is not the number of counts that we

receive,

but the number of counts which we feel is necessary

to produce thestatistical accuracy that we need, and we

are telemetering this informat

ion back in terms of a time

systém, that is telemetering back the time it takes to

develop these numbers of counts.

DR. MEINEL (Kitt Peak National Observatory):

That

is only one per cent basic accuracy.

MR. MILLIGAN: I sai

is a free-parameter at the pres

d to the order --

this number

ent moment.
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DR. MEINEL: Ten to the sixth?

MR. MILLIGA¥ This number is only a free-parameter
at the moment. This means that as we scan a stellar
spectrum, we are going to have to hav e storage of our data.
We feel that this is part of our experiment so that we will
handle this ourselves. We will supply a data storage
system and make it compatible with the telemetering system.

At the present moment it looks as though we are
going to have to go to a core type memory instead of a
tape recorder. As far as telemetry goes, it looks as though
the basic experiment will be easily handled by two channels
of information. One, for example, could be an FM, which
is not at all definite, an FM system, let us say, with a
1 KC band width. The second one will be a lower frequency
channel, let us say of the order of a tenth of a KC band,
which we will commutate to read back information such as
characteristics of the detectors, voltage, and things of
that sort. That is,environment type devices.

As far as the accuracy goes, this is all the
telemetering requirements we see at the moment other than
the telemetering requirements which are required for the
engineering aspects of the system.

To obtain the one second of arc guiding accuracy
is somewhat of a problem right now. We are not at all sure

whether our experiment has in it the capability of giving us
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bably of the order of 200
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angstroms resolution, the
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ground, that is, after a certain object is finished, we
might be able to program the telescope to start finding
some other object in the sky, something of this sort. There
is one additional engineering thing we are going to need in
the telescope. That is, we are going to have to have some
way of disabling or keeping the system from looking at the
sun. Now, this could be done, let us say, in a couple of
different ways. One, we could put a shutter across the
primary mirror such that when it got too close to the sun
it would close. This is one possibility. Another
possibility might be that one wuld have a photo cell system
of some sort, which, if the light was above a certain
amount, it would disable the system and move it away from
the sun. How this is going to work at the present moment
is mainly an engineering determination of what sort of
system fits best into the overall capabilities of the system.

I think I had better stop right now. I shall
be glad to answer any questions.

DR. ROMAN: Thank you. Before you do, I think
there are people standing. I believe there are two or three
seats over on this side of the auditorium if you would like
to try to find them,

I would al so request that for the sake of the
reporter before you ask a question, you state your name

and company.



Finally, one other
have made earlier, and that is
representatives of the press |

Now,

experiment, the stellar spect]

DR. HELVEY (Radiation Inc.):
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announcement which I should

that there may be

here .
are there any questions on the Goddard

rophotometer?

Just one question.

You mentioned that data stora%e system will be furnished or

will be manufactured in-house,
it would not be farmed out to

MR. MILLIGAN: No.
of the experiment essentially,
so crucial to our experiment ft
of our experimental apparatus
probably and the authority or
the experimenter to have a work
that we are going to build the
we don't have the capability.

DR. HELVEY: Yes, be
capabilities in this field. TI
DR. ROMAN: I think j
as to whether these things are
NASA directly or of the individ
the contracts from the NASA pai

let directly from headquarters

aspects which are involved with

indus try.

able system.

at your place. In other words

Is that right?

Since we consider this part

we feel that since it is

hat we will consider it part
and that the weight allocation

the blame will be placed upon

I am not saying

system in-house. Obviously

cause we have special
hat is why I asked the question.

perhaps the main distinction

the responsibility of the

lual experimenters is that

rt of the program will be

here, whereas as far as the

} the individual experimenters,
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they will be handled by the experimenters.

DR. HELVEY: Thank you.

MR. HALLOCK (Gruman Aircraft Corporation): Can you
elaborate on the grating distance?

MR. MILLIGAN: : The grating will probably be a
plain grating. It will probably be a 15,000 line
grating of the order of 10 inches across.

MR. MITCHELL (Boeing Airplam Company): In talking
about the guidance, the point source, you mentioned one
second of arc, and then called it "drift". Is it
absolute pointing accuracy or is it a rate whih is more
critical?

MR. MILLIGAN: The thing we want to be able to do
is to hold the telescope pointing at a star within one
second of arc for a period of, let us say, 40 seconds.

Now, it can drift plus or minus that, plus or minus a
half second of arc during those 40 seconds.

MR. MITCHELL: What is the absolute pointing accuracy
you need to start with? The field of view I think was one
degree.

MR.MILLIGAN: The field of view on this will be
of the order - in arc, at least as far as our experiment
goes, of the order of three seconds of arc.

DR. ROMAN: This means that the pointing will

have to be within a few seconds of arc.



MR. MILLIGAN:; And
have to hold that accuracy pl
arc.

MR. KIRCHOCK: (Pie
the use of a light funnel to
requirement of the spectromet

MR. MILLIGAN: No,

15
after we lock onto it, we will
us or minus one half second of
rpont): Have you considered
reduce the accurate pointing
er?
this

we have not. Actually,

project has only been under way a short period of time.

We have a lot of design work
an awful lot of it.

DR. ROMAN: Am I ri
funnel would not solve the pn
is to exclude other regions ¢
matter of funneling the light

instrument.

Any other questions

MR. TRIPLETT: You mentioned

arc guidance ror 40 seconds.
time of five minues.
MR. MILLIGAN:
on the order of 40 seconds.
grating.
it for a given period of time
QUESTION: The prob
so much the extended region o

collimatien. . You have to fi

left to do on our experiment,

ght in thinking that a light
oblem because the problem
f the sky? It is not a

into a small region of the

on this experiment?
one second of

Later on you spoke of exposure

- Fach sample will be taken

Then we will have to move the

It will have to come back on again and hold

lem of the light funnel is not
f the sky, but to maintain the

11 the coliimator.

and nothing
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else.

DR. ROMAN: Any other questions or comments from
the audience on fhis?

In that case we ' will proceed to item 3 on our
agenda, the Ultraviolet Photometer, the University of
Wisconsin, and I will ask Dr. Code to discuss this
instrument.

ULTRAVIOLET PHOTOMETER, UNIVERSITY
OF WISCONSIN, BY DR. A. D. CODE.

DR. CODE: Let me say something first about the
astrophysical problems that we are concerned with. I
think you will see that there is similarity in the
problems that we are dealing with, and those of all the
stellar experiments, that which was described by Dr.
Kuperian and the Princeton program, in that we are
interested in measuring the radiation from stellar objects
and from ' gaseous. nebula or interstellar gas in a
restriéted wavelength region.

At the University of Wisconsin for a number of
years we have been concerned with two problems in which
the extension to the ultraviolet is just a logical
extension. One is the energy distribution of stars. The
second is intensities of emission lines in @gaseous nebula.
What we really want to know are, let us say, the number of

ergs per second per square centimeter per angstrom incident



on the outside of the earth's
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(Blackboard demonsti
DR, CODE: For examjy
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we can determine such an
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all the energy distribution of
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atmosphere from a stellar
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ple, if we plot the energy

r a star similar to the sun,
energy curve from one or two
1 this pretty well includes

the star. We have good

L

leverage when comparing the emergy distribution of the star
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in the photographic region, w
distribution to look somethin
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learning much of the stellar
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the present time we observe en
band width of the order of 10
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such energy curves.

An impor

we have to have the instrumen
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ar that is equally bright
expect the energy
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is that

ant feature, however,

calibrated. We want to know
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what the sensitivity function of the whole instrument is,
at any rate. It is not so important to know exactly
how many ergs pe; square centimeter per second. We want to
know that theie is twice as much energy here as here. For
terrestial observations, this is simple in a way. It is an
extremely difficult proposition, but at least we can
observe some standard radiation source, and then observe the
stars.

For observations in the ultraviolet from a space
vehicle, we are going to have to calibrate the instrument
and then hope that this calibration . -remains or build in
some way of checking tle calibration. Now, there is one built
in way for checking the calibration, and that is to keep
going back to the same star. Similarly with band widths
of the order of ten angstroms one can measure the
intensity of the emission lines and diffuse nebula, and
from these lines possibly determine the temperatures of
the nebula, density, and possibly something about the space
distribution of the gasses, too, the non-uniformity density
of the distribution. But what we are not able to do in
this case is separate very well the effects of different
chemical compositions from effects of temperature and
densities. There is some of the order of 100 emission lines

that you would expect from the region of 1,000 angstroms

to 3,000 angstroms that would give you a great deal of
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ned from wider band widths,
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ombinations of the spectral
ers. In such a photometer,
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in four different wavelengths
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one degree diaphragms, one of them a yellow filter and one of
them a blue filter. So if we get a deflection, this is a
star somewhere in this one degree cone. We have measured the
brightness in the yellow and the color, this yellow-blue
base line, this is sufficient to tell us the name of the star.
Then we would put in a diaphragm of the order of five minutes
of arc, and attempt to center the star in this diaphragm
and then we are ready to make the observations in whih
case all four cells are operating at four different ultra-
violet bandwidths: with 10 minute/ggc diaphragms.

Now, if we wanted to observe early type hot stars
with 10 inch mirrors and, let us say, something like 10
per cent efficiency for the optics and a 20 per cent quantum
efficiency, as some kind of guess, with a 100 angstrom band-
widthand a star that is sixth magnitude photographic, we
would be dealing with something of the order of 3,000
photoelectrons per second or/;ignalJto noise ratio of the
ofder of 50 to 60 for a measurement in one second. This of
course is a guess. The purpose of the experiment is to
really find out how goad the guess of the number of
events is. Therefore, since we really don't know how
bright these objects would be, and we would like to work
over a range of densities, we would like to have a dynamic

range of the order of 10 to the sixth, and we would like to

achieve a one per cent accuracy in the measurement.
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Now, we have imagined perhaps doing it in this

manner,

First of all, while you are searching you would have

to have continuous transmission of data so that as you pass

over the star you know right t
So that we have imagined some

Let us say here is o

n that you have the object.

Ie
ystem of this sort.

e of the photometers. We

would use this photometer to moderate an audiooscillator and

actually two for each of the p
give the gain of the amplifier

and another the counts.

this in an analogue way. Here
If this deflection exceeds 80 j
again by a factor of ten. If

to the order of 30 per cent, t

For example,

the

otometers; one that would

involved in this photometer
suppose we present
is a deflection from the star.
per cent, then we change it

deflection drops back down

en the gain changes. That is,

the gain is going to be constamt over this range from 30 to

80 per cent.

and the deflection with that gain.

out with an FM transmission.
the observations, with the osc]
we count the pulse and store, 1
for the gain, and the deflectid
perhaps with a tape recorder, ¢

directly.

So we would give|the gain of the amplifier

Then this would be sent
hen we are actually making
illator, pulse shaker,

there are two binary counters
bns, we can store these,

br transmit the pulses

It is some system 1i#e this that we imagined forx

the simple photometer in which

case the band as far as the
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servo loop in finding the star, it means that the presentation
of the data at the ground station has to be quite fast and
efficient. We wént to be able to make a decision right now
in order to center the star in this diaphragmnm.

Now, the next logical extension is to narrow
the bandwidtls. and a larger choice of bandwidths, , which
leads us to a spectrograph similar to that described by Dr.
Kuperian. The one feature that I might point out is this.
From the standpoint of, let us say, guidance for a given
astronomical problem, spectrophotometric problem, a
pertinent quantity is the ratio of the angular patch of
the sky which you can take in with your entrance diaphragm
or slit to the spectral region you can isolate, ratio of
angular resolution to spectral resolution. We would like
this number to be as large as possible. If for a given
spectral purity we could take a very large patch of the sky,
- then as long as the sky background is not causing
difficulty, it meéns that your pointing accuracy is not
as high, the requirements for pointing are not as high
providing you meet this ratio. This is just a function
of the angular dispersion of the grating, the angular
dispersion of the grating and the ratio of the diameter
of the ecollimator - to the diameter of the telescope. The
bigger the bundle of light you take, that is the bigger

the grating and ¢ollimator, the less accurately you have to
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the angular disperson -- let

the higher the angular

the less accurately you have to point your

QUESTION: Do these gackgrounds diffuse intensity

or are they all point sources?

DR. CODE: These coniiderations would apply to

both point source and nebula.

moment -~ we are pointing at a

Let us think of it for a

star, how wide can we make

the siit, how wide angularly can we make the slit? Now we

have to hold the star within this slit width.

DR. ROMAN: Could we
affiliation?
MR. WHITNEY:
Ramo and Woolridge.
DR. CODE:

are going to hear about requir

My namq

The reasol

have your name and

o3
-

is Whitney with Thompson,

n I mention this is that you

ements for angular

resolution greater than one angstrom, a tenth of an angstrom

or so. Thus, if we are going

angstroms, the pointing accura
times less than it would be fo
tenth of an angstrom resolutio

This kind of spectro
high a demand on pointing or a

that one wants to store. It p

to have a bandwidth of ten
cy required is one hundred
r any system requiring a

n.

photometry does not put as
1so upon the length of time

uts the same requirement onthe
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amount of data that one is handling as the higher resolution
experiments you will hear about. So if you provide a stable
platform that wiil take care of that, then this problem is
adequately taken care of. |

DR. ROMAN: I invite discussions of the Wisconsin
experiment,

MR. FRIDGE: (United Aircraft Co.) I did not
understand why you were using four mirrors which have to
be aligned carefully and maintained that way for a long
time. Why not a single mirror?

DR. CODE: Because in this case they do not have to
be maintained to get them to focus in one place. Five
minutes of arc is not a very serious requirement.

MR. FRIDGE: Will that maintain the spectral
accuracy?

DR. CODE: The band width is being maintained by
the transmission of filters and spectral response of the
receiver. We are just trying to collect light in a pretty
big hole. So it does not have severe requirements on the
collimation of the optics. This way you introduce the
least number of deflections.

MR. FRIDGE: Are the paths well separated?

DR. CODE: I don't know precisely how to isolate
the spectral regioms that I am interested in as yet. There

are ways of doing it now. There may be better ways six



months from now.
right now.

DR. ROMAN: Your aim

but you are not sure you can dp that,

DR. CODE: That is r

MR. HARNED (Lockheed
Palo Alto, California): Do I
the stars by making a photogra
terms of your color index and

are looking at from this?
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They would oy erlap if we were to do it

is not to have them overlap,
is that correct?

ight.

Missile & Space Division,
understand you are identifying
phic measurement in

determining what star you

fact I know the angle between

e an initial one degree area.

determint from this exactly tke point you are on?

DR. CODE: Plus the
the sun and the star to one degree.
MR. HARNED: You hav
You can
DR. CODE: Pardm?
MR. HARNED: You can

you are on, after you have sep
region?

DR. CODE:
band one degree wide.
star and its color. If the st
quite unambiguous.

DR. ROMAN: Any furd
DR. KUPERIAN: Could

range your telemetering data 1

I know the

determine exactly what star

arated out the one degree

star is somewhere in this

Then I know the brightness of the

ar is bright enough this is

h er questions?

I ask you what dynamic

as?
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DR, CODE: Well, ten to the sixth is what we wanted
to cover. But we have counters that get us, well, sufficient
data for ten per cent accuracy actually. I talked about
two channels, ome for the gain of the amplifiers and one
for the counts. These were a 10 stage binary counter and
a four stage binary counter, a four stage binary counter
that records the gain, and a 10 stage binary counter for
thedeflections. That is more than adequate for dynamic
range of ten to the sixth and one per cent accuracy.

DR. KUPERIAN: That is one per cent everywhere for
ten to the sixth accuracy?

DR. CODE: That is right.

DR. KUPERIAN: This data is simul taneous on four
channels?

DR.CODE: That is right.

DR. KUPERIAN: And it could be stored?

DR. CODE: It can be stored. We had imagined
that this system adds considerable redundancy, too, Perhaps
one of these channels fails. You have three of them or
two of them working. Perhaps the storage system fails. You
can still get the data pulses directly, or, let us imagine
that the guidance goes haywire, and you really don't know
where you are pointing; you can put this on this continuous
data transmission that you use to find the star. Then you

just sweep the sky and you have to untangle the results you
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get but you can get some results.

DR. KUPERIAN: One more question in this connection.

I am trying to bring out some j

generalize the system rather than be specific.

pulse counting here, in other

point that it tends to

Your

ords, you have an event you

wish totpbtalize in some instance.

DR. CODE: That is right. We want to code in some
way. We don't want to send down every pluse.
DR. KUPERIAN: In other words, it is digital data

or pulse data.
DR. CODE: You start
current device, and then conve]

that we have imagined, and dig

off with a DC amplifier, a
rt it to digital in the scheme

ital perhaps as much for

getting through the noise and getting the signal down.

DR. KUPERIAN:
integrator that puts out a pu
so much. You speak of DC
DR. CODE:
pulse rate is determined by a

per cent feedback DC amplifier

You have some sort of current

Ise after you have integrated

amplifying equipment.

There is a blocking oscillator whose

voltage output from this 100

DR. KUPERIAN: So it|is not a tight current
integration.
DR. CODE: That is rijight.

DR. FOSTER (ARC): I

You intend using the same dete

have a couple of questions.

ctor for the UV as for the
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red, rather blue and yellow identification?

DR. CODE: Two of these photomultipliers would be
the photomultipliers in a lithium fluoride bottle, and they
would not go as far to the ultraviolet as the other two.
Two detectors are capable of observing in the photographic
and visual region, They are not capable of going as far
to the ultraviolet. So these two channels are things
like 2500 angstroms for the ultraviolet and 1800 angstroms,
something of that sort.

DR. FOSTER: I have one other question. ‘Then you
apparently intend scanning in the sense of this range one
degree wide, and as that slowly goes across you will
look at the yellow and blue intensities to decide whether
you want to stop at that one or not?

DR. CODE: That is right. Actually, one would
have two speeds, a slewing and a setting. You go on
past, you get a deflection, you come back with a setting
and try to get the star in a hole.

DR. ROMAN: How slowly do you think your slew
speed would have to be in order that you get the deflection?

DR. CODE: This depends on how faint a star you
are going to observe. It would probably -- well, about a
half a radian per minute wmld allow you to locate the
second magnitude stars.

MR. BOLLING (Chance Vought Inc.) Dr. Milligan
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mentioned that storage would be his responsibility in
the experiment. Dr. Code, haveg you thought of the same
responsibility on storage?
DR. CODE: It is certainly an integral part of
the experiment. This would be |part of the package that
includes the optics.
MR.BOLLING: On the data transmission, have you
considered the '"bits" per second, w the band width for
your real time transmission?
DR, CODE: Occasionally I have come up with such
numbers. This does not seem tg be a very critical thing
from our standpoint, namely, hgw many "bits" can you handle.
This is just determined by how|long we have to work on one
star.
DR. ROMAN: Coming bick to this question of on
board storage being the responsibility of the experimenter,
I think this is something we are going to have to work out.
Almost all of the experiments lill require on board storage.

I think that we will probably try to develop a single

system that everyone can use in which case it would no longer
be the sole responsibility of the experimenter. On the

other hand, the experimenter is certainly going to have to
have appreciable input into what this system will be. I
think from the standpoint of the contractors this is not

an important question at this moment, since it probably will
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be contracted out regardless of who does the conttracting.

Are there other questions?

MR. COOK (Space Technology Labs): I would like to
know why the figure of 1,000 angstroms was decided on as the
lower wavelength limit, that is, aren't there hot stars that
have an energy below 1,000 angstroms which would be of
interest? Also, would there not be spectral lines in
this region from stars of interest which could be
observed with a spectrograph?

DR. CODE : Actually this point here was supposed
to be about 900 angstroms. At the Lyman limit 912 we
expect the energy distribution of stars to just drop off
completely. We expect the interstellar medium to be quite
opagque., So we don't expect to find too much. But just
because of this prediction, we ought to try it. That is why
one of the bandwidths is there. We really would be
surprised to find a great deal of radiation beyond the Lyman
limit 912.

DR. ROMAN: Do you have anything to add?

MR. MILLIGAN: There is also the additional
problem, as some of you may know the reflectivity problem
in the ultraviolet is guite serious. At the present moment
the present state of the art is such that if we are going
in the region below 1100 angstroms, your reflection falls off

a very good mirror drops off to about 10 per cent.. In fact,
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you are very lucky if you can |get 10 per cent. This coupled

with the fact that if you want to fly a window detector, and
lithium fluoride looks 1like the best one you can use,

it has a crystal cutoff of 1050 angstroms, so the combination
of the reflectivity, the interstellar absorption, things

of that sort, and the detecton problem tend to limit us a
little bit.

DR. ROMAN: The next question?

MR. ANSELM (Beech Aircraft): In regard to the por-
tion of the experiment on nebular gas mass are you interested
in verification of gas constanits? My reference would be
in regard to the determination| of speed of sound at very,
very high altitude.

DR. CODE: I don't qujite understand. In the
gasseous nebula you are referring to?

MR. ANSELM: Yes.

DR. CODE: This of course is a feature -- I don't
know of an experiment ~- we think we know in the gas

nebula what the speed of sound is. We can measure it by the

number of electrons.

MR. ANSELM: Do you have verification of it?
UNIDENTIFIED: We are doing some work at the

present time on the accoustics

DR. CODE: It is possible to te]ll whether the

excitation of spectral lines is due to radiation or
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collisional excitation. This it would be intended to explore.

DR. ROMAN: The next question.

MR. McCLOSKEY (Aerojet General Corporation): Will
a copy of this be made available so that we don't have to
keep notes?

DR. ROMAN: I think it would be safer for you to
keep notes on the areas in which you are interested. 1 doubt
that we will be able to make the entire proceedings available
to everyone.

Are there any other questions? If not, we will
pass on to the Ultraviolet Sky Mapping experiment, by
the Smithsonian Astrophysical Observatory. Mr. Davis.

ULTRAVIOLET SKY MAPPING, SMITHSONIAN

ASTROPHYSICAL OBSERVATORY, BY B, DAVIS.

MR. DAVIS: First, the reason why there were so
few of the preliminary specification sheets brought down
here was that it still was a rough draft, and we did not
want too many obsolete copies drifting around three or four
weeks from now when we get that whipped into shape. Anybody
that does want the smooth version of this rough draft and
possibly extra copies of the drawings that went with it
should write to us. I think the address is on here.

DR. ROMAN: Perhaps you had better read it,
since the ones who do not have the copy will not have the

answer.
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copies when they are ready.
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these really hot objects where most of the ultraviolet comes
out, where most of the light comes in the ultraviolet,

there are very limited numbers. When we start pointing
telescopes at the sky, that are sensitive to ultruviolet,

we start pickinguw mainly the hot stars and not so much the
cooler ones. For instance, we may have a telescope with

a two degree field of view sensitivity in the ultraviolet,
ad out of the ten or so stars that may appear in that field
that are sensitive enough to be picked up down to the 15th
magnitude photographically, the hotter stars, about nine out
d ten of these will be down in this distribution tail of
hot stars. Only one of ten or so will be as cool as Sirius,
10,000 degrees, and practically none will turn out to be as
cool as the sun if present theories of astrophysics are
correct.

What w e want to do is take a look at every star
in the sky bright enough to show up in our system, see what
it does look like, or at least refer to the fact that it is
there, In order to do this in a reasonable amount of time
we can't use diaphragms and photocells. We have to use
either television or photography. For many experimental
reasons we have decided that television is the answer to our
problem. Taking photographs, or pictures, rather, of fields
of the sky about two degrees square, there are roughly 40,000

square degrees in the skies, so this means 10,000 pictures
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fourth, accurate to 10 per cent., If we were to add a
photoelectric device we could get down to one per cent
accuracy, and we do see putting an extra telescope into
the platform with five minutes of arc diaphragm to isolate
one star near the cen ter of the field and look at it more
carefully in six rather than three spectral bands. Each of
these three bands will be taken care of by its own
special telescope designed for sensitivity within a few
hundred angstroms of the particular band. So together
with the photoelectric device that adds up to four telescopes
all of them identical, with reflectors eight inches in
diameter,20 inch focal length,

We also foresee adding a fifth telescope with an
objective prism, no slit involved in this device. It
merely takes thé same field and spreads the brighter of
these stars into spectra. This one will probably be the
brightest star in this field. It will be pre-selected for
that. So that maybe three stars out of -~ well, actually
it would be close to three stars out of a hundred-- we would
get slight spectra for it, and thereby cover the whole
sky, getting, with the sensitivites we perceive, possibly
as many as a million stars in the multicolor pictures and
about 20,000 stars with slight spectra. The exposures
required to obtain these sensitivities are ten seconds long.

If everything goes right, exposures of one second will be
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possible, but we think we need iten seconds exposure to

obtain adequate sensitivity. In order to separate close

double stars, we want one minute of arc resolution. The

television image tube is already been developed by

Wes ting house Research Laboratory in Pittsburgh, and we

have developed the optical system, it is already under

cons truction. So the first two components of the block

diaphragm are pretty much under

control.

The aberrations and the image tube are matched

to give one minute of arc resoly
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ten seconds of time so that thes
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requirements are fairly well met
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ing power. The remaining
nt be stable enough for
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ng. We think both of these
. Then if this diaphragm
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requirement that we be able to determine by a pre-program

device either from the ground or

minutes of arc pointing accuracy.
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some other way, within five
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ere it was pointing by

looking at these pictures afterwards.

One possible method is
television to send back about a

sky with sensitivity the same as

a finder telescope with
15 degree field of the

we have on the earth and

compare it with star maps. If ﬂe know within one degree where
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this is by astrophysical theory, we can identify these
stars and measure it to one minute of arc.

Then the next step in our system is the TV camera.
We are fairly certain now on what we need for a TV camera.
We have done no design work. Some preliminary feelers have
gone out, that is all so far, on a television camera to
drive the image tube. But looking at the amount of
information, each square minute of arc in a two degree
field has ten possible bits of information for the brightness
of the object in that particular space. Since we do not
know that we are looking at stars we camnot use pre-
recording, because we are also interested in what the
nebulosities are like. - .. Of cburse, with the slit
spectra the object is spread out into lines. Or if they
are small nebulae we“might even get a stream of points
representing its emission lines. There are 144,000 more
or less in this size field, 144,000 -- this thing comes
out different this time than the last time I figured it
out -- there are something like 250,000 bits of information
contained im one of these fields, so that storage in the
satellite is something we have not contemplated. We plan
to use live television throughout, controlling it from the
ground when it is within view of the station and just letting
it sit there for the other 90 per cent of the time at as

low a power drain as is feasible. In other words, merely have
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I shall try to answer any questions you have,.

MR. DEL DUCA (Ramo-Wooldridge, Inc.): This looks
like a lot of power. Have you any idea of the order of
magnitude of the power? Two, and this applies to all the
rest of the presentations, is the experimenter going to
provide any secondary source of power in addition to the
primary vehicle power? Third, what kind of auxiliary or
secondary power are you thinking about if you are thinking
about it.

MR. DAVIS: In the first place, most of our
power requirements are motion of the platform, the heaters
for the television tubes, and the transmitter power for
the telemetry. These are roughly equal and probably in the
vicinity of 10 watts each for 20 to 60 minutes per day. I
do not think this requires additional power beyond that that
is anticipated for the satellite,

DR. KUPERIAN: How much is that part without
guidance?

MR, DAVIS: Taking off this?

DR. KUPERIAN: Yes, the platform part.

MR. DAVIS: Just these three areas, almost all the
power goes into the television heater which totals something
like ten watts.

DR. ROMAN: Does anyone else envisage power

requirements appreciably in excess of these?
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months, we would still be happy.

MR. JOHN LINDSEY: I was wondering if you have
looked into the possibility of storage using two systems --
frankly I don't know whether the resolution is adequate or
not -- but one a Vidicon where you store it temporarily
on the photoconductor, and second, a static electricity type
recall which is being developed for TV work.

MR. DAVIS: We have been talking with RCA about

this. They say it looks hopeful. This would reduce the

four months that we need. It would cause a band width
difficulty getting the information out in time when it is
over the station. We would be happy to have it but it is
not necessary for the experiment.

DR. ROMAN: Along the same lines have you
considered photographic storage? Obviously you can't use
photographic film with the idea of recovery, but what about
storage of photographic film and scanning?

MR. DAVIS: We have considered this. If such a
device could be made "fail-safe"™ we would enjoy very much
having it. By fail-safe, I mean when you run out of film
you can still use the machine, or if the film jams, you can
still use the machine. If we cén get these two points we
would like very much to have it. Again it is not

necessary, but it would help the experiment.

MR. LINDSEY: I have one thing which actually does
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very much encouraged in using ordinary techniques,
spectrographs and filters. The 304 line is still very
much shaded by the - interstellar hydrogen. It looks
like the universe opens up again somewhere at a hundred
angstroms and lower. We are very discouraged. When you
think of working at one angstrom, you can use the
platinum reflector. You have to be within one degree of
the plane of the mirror in order to get reflection. That is
a horrible requirement.

DR. DAVIS: VWe are looking into the use of zone
plates, also. They start getting very difficult to make
when you get below 50 angstroms, but we have hopes to use
them . We have hopes of having zone plates in the near
futufe that are good down to possibly 50 angstroms for
focusing that way.

DR. LILLER (University of Michigan): I might just
say that Professor Lawrence Aller at the University of
Michigan has calculated some of the effects of the inter-
stellar medium, and I think he is in agreement with Dr.
Savedoff with one hydrogen atom in a cubic centimeter
you get quite a number -- from 912 angstroms, and the Lyman
wave limit to shorter wave length down to 100 angstroms
range, and below, everything is pretty well blocked out.
Below 100 angstroms you will start to see something. But

between 100 and 1,000 angstroms, space should be pretty black.
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That sounds like the answer still
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Are you
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recovery of anything from
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I think then we will go to
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a
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STELLAR SPECTROGRAPH,

PRINCETON UNIVERSITY, BY DR. J. ROGERSON

DR. ROGERSON:

is interested in investigating

matter that exists between stars.

now know how to do it is roughl

Princeton University Observatory

primarily the dark gasseous
The best way that we

y the following.
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Fortunately we have some very bright light SOurces
scattered around space.

(Blackboard demons tration)

DR. ROGERSON: If this now represents a cloud, an
accumulation of dark gasseous matter, which being dark we
can not see of itself, we can detect its presence by
investigating the light of that star after it has passed
through the gas cloud. So this now represents our satellite.
We will look primarily at very bright, very hot stars, and
investigate the effect of these interstellar gas clouds
on that light.

It so happens that the gas..cloud has considerable
effect except that the effect is restricted to quite narrow
wavelength regions. X I draw you once more a bit of a
star spectrum in the ultraviolet, this is lambda, and
this is energy. Hopefully we might have a very hot star
that has no limes of its own. Let me take that for the
moment. We have some distribution of energy. What the cloud
will do then is subtract a rather narrow line, in general
much narrower than any lines that the star itself would
have in its own atmosphere.

Now, I bring this point up because it means that
we must be able to resolve the spectrum well efiough to see
this. Hence our experiment is concerned with high dispersion

spectroscopy. 8o our experiment then is to look at these
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part of their total energy in the ultraviolet than in the
visible. For example, because of this requirement, there
are not too many of those stars, and in order to have a useful
instrument, we have to be able to use these stars even though
they are quite far away from us, ad apparently rather faint.

The upshot of all this is that we need a rather large
apperture, not the largesf presented today, but the second
largest; 24 inches is ouwr apperture. This is a 24 inch
diameter light collector apperture. The "F'" ratio of this
mirror is, according to a light design, F/3. There will be
a secondary mirror, Cassegrain secondary, which will change
the overall "F" ratio to F/20. (See figure)

The light tﬁen is brought to a focus at, let us
say, this point here on a slit with a spectrograph.. The
entrance slit of the spectrograph is of the order of five
microns, very narrow. You can already see what sort of
restriction this is going to make on pointing accuracy if we
are not going to have this wander on and off the slit.

Located down here roughly in the center of the
grating will be a concave grating. The whole spectrograph
will be a Rowland type of spectrograph. The light will
come down and hit the concave grating and form the spectrum
along the edge of the Rowland circle. Along the edge behind
exit slits of the same width we will have a series of

photo tubes.
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Now, in each pair we will have one which is held at
a fixed wave length, and the other will scan by that spectral
line which I have drawn previously. So that now as we take
the ratio we hope there will be a dip in the ratio
corresponding to the dip in that spectral line as the slit
scans by it and that dip will be a real dip which is in the
spectrum, and not a dip because the star happens to be
momentarily off the entrance slit. We plan all of this
to be pulse counting equipment, the output of all of these
tubes. It isnot certain yet whether we will try to send
down to the earth the accumulated amount of counts in a
fixed time interval, or whether, as Dr. Milligan's
experiment mentioned, we might count up to some standard
number of counts, 10,000 or 100,000, a standard number,
and then simply telemeter down the accumqlated time that it
took to gather or accumulate that number of counts. But
the time I think would be digitized information also for the
same problem, trying to get down the information as
accurately as possible.

Now, this is our' experiment. If I may take the
liberty of going a little beyond our experiment into the
satellite as a whole, because as we have been thinking of
it, we have not been able to disassociate in our mind the
requirements of the satellite from the requirements of our

experiment.
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that star into the hole. Once it was in the holg then

it would fall on the slit, and on the guiding mechanism,

that is the guiding center, which is at this point here.

That is, you may have, for example, the slit just tilted so
that light may be taken off to the side into photomultipliers
and give: you an errorsignal. So once it goes through the
hole, it falls on the error sensing device, and it comes

back to you people to do something about.it, and then bring
the image back.

MR. WHITNEY (Ramo-Wooldridge, Inc.): We have not
been able to establish the angular pointing control you
need without the diameter of the secondary mirror.

DR. ROGERSON: Let me say we want zero point.
one second of arc/ggi)essentially an indefinite period. We
apect that the satellite will not be available to us
except once every 12 hours, for example. We were thinking
of a polar * orbit. During that 12 hour period we would be
on a star and observe the entire.time. We hope to have a
command memory which will tell these photo tubes what wave
length to go to and then set them in an automatic scanning
operation., Once that scanning operation had been completed
several times, according to the accuracy that we are interested
in, then it would move on to the next line. 8o the
telescope would be in operation all the time except during

setting on a new star. That information would be stored and
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and scan again., So this is not continuous motion during
the integration, but step by step. The steps are equivalent
to five microns being in the spectral range equivalent to
about a 20th and a 10th of an angstrom.

MR, STAROS (Sperry Gyro Company): Dr. Rogerson,
do I get the impression from what you say that more than
one experiment is performed in a single satellite, yours with
somebody else's, for example, or would one satellite be used?

DR. ROGERSON: I don't think that is for me to
answer. There has been a fair amount of discussion along
those lines.

DR, ROMAN: I thirk the way the program looks now
the answer B yes, that there will be more than one
experiment in the satellite. That goes for all the experi-
ments which have been discussed. This is a point I was going
to bring up later., It is just as well to get it on the record
now. It does not look feasible, with the number of vehicles
that we have available or expect to hae available
for this program, to assign a single experiment per vehicle
and still provide any leeway for backup in case of failure.

MR. KERPECHAR (Kearfott Co., Clifton, N. J.):
Assuming you are interested in a high pointing accuracy,
what influence does the aberration of light from the star

.y due to the change of velocity in orbiting around

the earth, what influence does that have on your experiment?
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that.

MR, TRIPLETT: The guidance system has to track a
moving target. It means that its maximum rate of motion is
something of the order of three seconds of an arc.

DR, KUPPERIAN: Are we talking about the parallax?

DR. ROMAN: No, aberration.

MR. MEYER (Martin Company - Space Flight
Division): Can you tell me how long youw five micron
entrance slit is?

DR. ROGERSON: The accuracy in that coordinate is
not nearly as severe as/ﬁﬁzszlit. It can be several milli-
meters long, I would say, instead of the five microns or so,
at leastin the one coordinate.

QUESTION: I have a question concerning
experiment management.

DR. ROMAN : Could we leave that for a little later?
I would like these discussions to relate directily to the
experiment. There will be time for the other type of
questions. Any more on the experiment?

MR. MITCHELL (Boeing Airplam Company): What is
the resolution you can get from your secondary mirror for
guiding purposes?

DR. ROGERSON: I am sorry, I don't unders tand.

MR, MITGHELL: You indicated from the experiment

you would provide an errorsignal to the guidance. What sort
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rearrange the fibers so that they are in a straight line at
the other end. Now, the positioning of the star has yet to
be within the area of the round bundle at the incident end,
but as the star wanders on this round bundle it comes out of
fibers which are up or dom in different parts of the entrance
slit. By this method one can trade a tight tolerance in
one dimension and a loose one in the other dimension for an
intermediate tolerance in the two dimensions. Now we don't
have fibers that work down in the far ultraviolet. We can't
do this at this time. But this might allow you to compromise
from this very severe tracking requirement you have, because
of your requirement for very high resolving power.

DR. ROGERSON: I would consider the fact that
the bundles are probably not transparent rather serious.

MR, HYDE: All I am saying is that we have not
made fibers out of the materials that you have to use in
this kind of system. We don't have any different requirements
than you do in other places for providing transparent materids.

DR. ROGERSON: That is entirely true.

DR. ROMAN: I think this is a good point to take a
recess before we go on to the solar experiment. I suggest
that we have about ten minutes to stretch our legs.

(Short recess.)

DR. ROMAN: I think now that we see how the time

is running, it is obvious that we will have to have a short



session this afternoon. I thi
that we will now go to a discu
experiment. We will then have
aspects of the orbiting observ
on the engineering aspects of
We will try to break for lunch
that we reconvene alout two o'
the next period of discussion
administrative aspects of the
up after that with two movies,
Ames Research Center, and the
Research Center, on the work t
and stabilization problems for
I will now turn the

SOLAR EXPERIME

OF MICHIGAN, E

DR. LILLER: I don't
for anything, so I shall stay

First, telling you
experiments are entirely on th

atmosphere, because there will

59
nk the arrangement will be

5sion of the Michigan solar

atory and a few brief remarks
the experiments themselves.

at quarter to one. I suggest
clock. Then we will devote
to the management and

program, We will finally end

and one prepared by the
octher prepared by the Langley
hat has been done on guidance
this project.

session over to Dr. Liller.
NTS, UNIVERSITY

Y DR. W. LILLER.

believe I need a blackboard
right here,

hat we would like to do, our

e sun and the solar

be certain simplification

in the pointing system, presumably some of the payload

space, and weight which will 1
not

experiments will/be needed in

to use this additional space f

)¢ needed for the other

ours. We will probably like

or data storage capacity.

a discussion of the engineering



60

I have divided the brief description here that I
am about to gie you into six different areas. So let me just
run down these.

First, what we want to do. We want to study
various areas, small areas an the surface of thd sun. These
areas will have a maximum size probably of a square minute
of arc., Remember now that the diameter of the sum is a
little over 30 minutes of arc. These areas may contain
nothing more than the quiet sun surface, and we may wish to
note thisfor a study of the solar area from the center out to
the edge of the limb " of the sun to see howit varies to get
information from thehelght distribution of these different
types of radiation that we will look at.

We will also be looking at excited areas, solar
flaresparticularly, sunspots, prominences or coronal
regions which should be fairly bright in certain radiations.
These areas would be selected in advance, perhaps as the
satellite is going overhead, and the satellite would then
be programmed to observe the particular area which has been
chosen, and then the equipment will be started.

No. 2, the instruments that we will carry are
quite different from the ones that you have been looking
at so far this morning. Instead of having a large telescope
with a small spectrograph attached to it, we will have a

relatively large spectrograph with only a small collecting
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Each spectrometer will have two, possibly three, scan speeds.
The fast scanning speed will give us a total scan of the
particular wave length region which that spectrometer is
intended to observe in a relatively short time, two minutes.
The sun is bright. We can do this and we can get quite a
bit of information. Two minutes is chosen to be roughly a
tenth of a lifetime of a solar flare, probably the shortest
lived event that we will observe on the sun. This scanning
will run continuously as long as the sun is up above the
horizon and fairly well out of the atmosphere of the earth.
So this will be rapid scans back and forth during the
orbiting time,

There will be a second speed, a very slow scan,
one scan per orbit, that is,it will last of the order of
45 or 50 minutes, the length of time the satellite is in
sunlight. It is one scan per revolution in this case.

All three spectrometers will have an arrangement
such as this. A spectroheliometer will scan relatively
slowly. It can be a number of seconds. This we have not
looked into entirely yet. The total number of pictures
which we will take per orbit depends on how much storage
capacity we have. This I will come back to in just a
moment.

Section 4 ison the information rates that we will

be sending back and the storagewe will need. For a fast scan
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of the receiving-transmitting stations on earth He would
have available the most recent spectroheliogram or,
preferably, if the satellite were in sunlight at the time it
went over the station, the operator should be able to command
the satellite to send a picture of the sun in Lyman alpha
as it appears at that instant. This would be done presumably
in the time which is something less than a minute, and
he would then have the several decisions to make.

First, what area of the sun to point at, whether
it be a flare or a sunspot or just the surface of the quiet
sun, or out in the corona somewhere, and we hope that he will
be able to point to the nearest minute of arc. We envision
a console where he can by step command have the pointing
axis of the system move a certain number of minutes of arc
to the east or west or north or south, and then the operator
must make the decision whether to start slow scanning or
fast scanning in operation or none at al}, of course. He
does not have to start it at that time, So he has basically
these two decisions, where to point and how fast to make the
observations. Once the pointing axis is located on the
sun's disc, the guiding should be of the order of one
second of arc. The granulation of the sun's surface, as
the Princeton photographs from the high altitude balloons
have shown, shows that there is a great variation in

intensity across the sun's disc, and if we are looking at
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experiment?

MR. STEINMAYER (Bell Aircraft): Dynamic range of
what?

DR, LILLER: Of the order of ten to the sixth, but
n to the fifth would be pretty good for our purposes. We
would like to get a one per cent accuracy on line intensities.
I might mention that the ultraviolet and x-ray spectrum
of the sun below 1500 angstroms will be primarily bright
emission lines, fairly sharp, fairly discrete, Above 1500
angstroms it would be a dark line spectrum primarily.

MR, TRIPLETT: You mentioned pointing the venicle
to one minue of arc from the ground. You mentioned also
one tenth of a second of arc., Have you given any thought
to wha t detector you would use to give guidance to one
second of arc, how this is used automatically?

DR. LILLER: Some of the point/iﬁitrols that
have been developed at the University of Colorade by Ball
Brothers seem to be the type of thing that would be needed.
Whether this can be pushed to one second of arc I cannot say.

MR. TRIPLETT: I was wondering, could you get it
effectively locked onto particular areas or whether you
would have to look at a star for reference, or some other
means?

DR. LILLER: Two axes control would be quite easy

where you just lock on the limit of the sun. The third axis
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DR. HELVEY (Radiation, Inc.): Is it envisaged that
in this observatory there will be sensuars incorporated for
other than electric magnetic radiation?

DR. LILLER: We have not included this as one of the
primary instruments. Certainly I listed additional equipment
such as x-ray oounters and so forth which could certainly
include particle detectors, too. I think this would be
very valuable,

DR. ROMAN: I think primarily we can say that this
project is not designed for non~electromagnetic radiation.
Any equipment of that nature which would be carried would |
be definitely of a secondary nature which would go along
because there was room and because it could use the
vehicle. But the vehicle would not be designed to carry it.

DR. HELVEY: I could see some very great
advantages to have a co-incidence in certain operations of
both.

DR. LILLER: Very true.

DR. ROMAN: Any other gquestions?

MR, GOOD: (RCA Astro-Electronic Products, Inc.)
Would you care to develop any more inforﬁation on your
spectroheliograms? For example, how you intend to obtain
the image of the sun, what resolution you will find on
your TV tube and so on?

DR. LILLER: A very nice spectroheliogram has been
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MR. HUTTER: Do you expect to break this up as to
how many bits would be in the spectroheliometer?

DR. LILLER: About9 per cent.

MR. MEINEL (Kitt Peak National Observatory): Are
vidicons sensitive to Lyman alpha or are any available?

DR. LILLER: No, as far as I know there is none
available, but 1963 is still a little ways off.

Lithium fluoride is still fairly transparent.
Perhaps a window can be made.

DR. ROMAN: Any other questions on the solar
experiment? Are there any other questbns on any of the
experiments?

MR. BOROUGH (Boeing Airplane Company): Dr.
Rogerson, the angular field view of the spectrometer, including
the optical system, will have a five ‘mlerom - - slit?

DR. ROGERSON: That is one degree. That will be
for the fine TV.

MR. BOROUGH: The spatial angular resolution with
five micron slit of four inches in diameter?

DR. ROMAN: You mean what does five mincrons at
the focus correspond to angularly?

MR. BOROUGH: I thought it was about eight angular
seconds.

DR. ROGERSON: I think it is on the order of a tenth

of a second of arc.
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containing the optics to minimize just this problem. That
will give you one hot or at least warm regiam where you would
want to put the electronics anyhow, and ore very cold region
which will be good far the photocells. By cold I mean
something like a minus 100 centigrade.

MR. MEINEL (Kitt Peak National Observatory): There
is a problem common to all of them that has not been
discussed. How do you reacquire or what do you do about
guiding when your objects are not visible to you?

DR. ROGERSON: That has been a great concern to us
too. We had hoped to have an anti~stellarscope that looks
180 degrees from our primary instrument plus or minus a
degree. We hope to be able to find a star brighter than
the ninth magnitude that fulfills the requirement for any
program star we are interested in. If the earth occults our
primary instrument, then the - anti - star can take over
the activeguiding. The accuracy need not be very great,
enough so that we can keep it when it comes around.

DR, ROMAN: There are other possibilities for this.
There are some problems involved with the anti-star. Some
other possibilities that have been mentioned are that you
could use a gyroscopic reference system for this length of
time. In theory if you can keep your satellite well
enough balanced, you don't have to have any active guiding.

MR, MEINEL: There is a tolerance regarding that,
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instm mentation needed to do this job. I would like to
make a few remarks on the engineering aspects of the problem.

First of all I might mention what our interest at
the Ames Research Center is in this project. We have
responsibility for doing research on the various engineering
aspects of the astronomical satellites. We are also in
a position to act as consultants both to Space Flight
Development . and also the industry and thirdly we will help
in evaluation of proposals and also in the writing of
specifications,.

(Slide)

First, this slide is to illustrate what some of
the engineering areas are. They are of prime importance in
this project. We have about five major areas here. This
has been weighted more heavily in attitude control because
I think this is one area that is unique to this particular
project. Some of the requirements you have just listened
© as far as pointing accuracy, the attitude control will
be specialized. Some of the areas are common to other
satellite systems. As far as attitude control goes, we look
at various system concepts, that is, means of producing a
control torque. We have listed here four possible systems,
first reaction wheel control, motor driving the flywheel,
which motor will produce an equal torque on the vehicle.

This also may be accomplished by a gyroscope in
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which the flywheel turns at comstant speed, and a torque is
produced by changing the spin axis of the gyro. These are
two possible schemes involving | momentum transfer.

A third system that looks promising both for fine
and coarse control is the vapor jet system. This is a
very low pressure gas jet system, It is very simple in
concept.

The fourth system here is cold gas or high pressure
jet system. This may be of some use in the initial
stabilization of the vehicle.

Another integral part of the vehicle attitude con-

is error

trol / error sensors. The type|of / _sensors used will
probably dictate the type of control you can use. Here are
three of them.

First is the television for acquisition and course
guiding. This is in a sense an errorsensor. The operator
from the ground uses a visual picture as an indicator of
the vehicle attitude.

Second we have the solar tracking. We also have
star trackers orerror detectors|that make use of stars - -,
that are being used in the experiments.

The third area that must be coms idered, in fact

is one of the most serious areas I think in specifying

attitude control, is the effect of external disturbances on
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the vehicle. We know well of torques due to the earth
gradient, due to solar pressure. Those appear to be most
significant. We also expect torques through the earth's
magnetic field, perhaps due to the effect of the earths
atmosphere on the vehicle. These put very strict restraint
on the system to be able to track to the accuracy desired.
2. . .. In that sense it means that the

vehicle must be balanced in order to eliminate the earth's
gravity torque. It must be earth symmetrical as precise€ly as
possible. Consideration must be given to locating the
center of pressure, solar center of pressure, coincident
with the center of mass. I think those are the two out-
standing effects.

The four th concern in the attitude contiol system
is the dissipation of angular momentum. If you use a
momentum transfer system, such as A and B, then some means
must be considered to get rid of the momentum that is finally
stored on these controls -- there are a number of ways to do
this. Either by use of a solar gail, ora sliding weight has
been suggested, it means changing the inertial characteristic
of the vehicle. It is possible to use a jet system, apply
an impulse periodical ly. I thirk in regard to the
experiments, the time this operation should take place is
during the time, generally viewing stars, at sometime during

the orbit the star will be occulted. This will be the
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A third area is thermal balance. Here are some
very unique problems, not only in regard to thermal gradient
across the optical systems that were mentioned previously,
the fact that some types of photocells, photo detectors, must
be kept very cold, perhaps minus 100 degrees, or something in
that order. Storage batteries, other types of electronic
equipment, must be warm. Solar cells must be cool. Their
efficiency deteriorates very rapidly with increase in
temperature.

We have a number of thermal problems. Thermal
problems are complicated; even though you have a vehicle
that points toward the sun, it will be in darkness part of the
time. Apparently the ratio of time in sunlight and darkness
will change during the year, depending of course on the
inclination of the orbit. At one time it may be 60 per cent
of the daylight, at other times of the year 80 per cent
daylight.

The fourth area here is communications. This
includes radio command systems, both receivers, transmitters,
data storage system, and also data transmission systems.

Mr. Foster will have a few words to say on this subject so
I will skip right over it.

The final area is in the layout of the vehicle. Here

we are concerned with the final vehicle that may include more

than one experiment. It is restricted in weight, it is
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look at these really as requirements, but more as ground
rules under which we must operate. We can set down some
of these,it gives us a common basis for comparing different
types of systems, different concepts. So we look at the
control problem as really in three phases.

The first phase is the initial stabilization.
We are considering an initial tumbling rate as high as
one degree per second, which is quite high. We are assuming
that this initial stablization system -- it may be a jet
system using a gyro reference -- should be able to stabilize
the vehicle rates to within .002 of a degree per second.
This seems within reason on the jet or gyro systems. We have

with
considered/the same operation that the vehicle will be
oriented in space so that the solar cells will be pointed

within

toward the sun/approximately one degree. In this position,
then, the vehicle would be essentially stabilized in space
where its attitude then could be detefmined from a remote
control television picture, and then from ths point the
acquisition of target star could be achieved.

Now, as far as acquiring a star, one of the
requirements specified has been a maximum slewing rate
of 180 degrees in five minutes. The ground observer by
remote control can acquire any star visible within the time

that the satellite takes for one pass over the ground station.

This is really quite an excessive requirement, excessive from
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we think is an extreme figure, but it is a sort of torque
that could be expected with center of gravity -- I should say
moments of inertia of the vehicle equal to within one half of
one per cent, and also with center of solar pressure just a
very few inches from the center of gravity of the wvehicle.
You could get steady torques that would act in one direction
for longer period s of time on this order of magnitude.

This is the total angular momentum of the vehicle if it were
slewing at the rate of 180 degrees in five minutes. I don't
think that figure is really significant here.

The final phase of the control would be the
automatic fine control. We are comsidering an initial
pointing area of two minutes of arc. There would be some
overlap in fine and coarse control. We are considering
ultima te pointing accuracy of one tenth of a second of arc.
Again the vehicle could have initial rates as high as .002
degrees per second. It will be subject to external torques
of 100 dyne centimeters. One of the requirements -- I think
this is the more serious requirement as far as pointing
acauracy, even more serious than one tenth of a second of
arc -- is to hold down the steady state or the drift rates
due t this 100 dyne centimeter torque. Depending on the
nature of the system, if it has an effective integration
when the torque is acting on it, there will be a steady state

pointing error. To keep the limit within this tenth of a
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second of arc we have to speciffy that this steady state due
to the 100 dyne centimeter torgue will not exceed five seconds.
We have also specified that the saturation time,
that is, if a reaction wheel system is used, should be 100
minutes.
There is oné other interesting thing that was
mentioned earlier, the aberration of light. That also puts
a stringent requirement on thel system. 1In view of large
disturbing torques that requirement is of secondary
importance. If these torques could be reduced, and they
my well have to be reduced inorder to develop a system that
can come anywhere near meeting| these requirements, and then
it turns out that the aberration of light will be one
controlling factor to be able to handle a line of sight
rate of some .3 of a second of| arc per minute, that may be
one of the most serious constraints.
(Slide)
I just want to mention briefly an example or two
of the types of systems we have been looking at at Ames
Laboratory.
First, these two are|both reaction wheel systems.
The first, to go through the diagram, we have an error sensor
which detects the difference between the true line of sight
and the target star, and the a¢tual pointing direction of the

vehicle. This may be modified| by some passive network. The
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signal drives the motor wheel, producing a torque, subjects
it to external torques, the torque is integrated to produce a
integrated rate, integratel again to get vehicle attitude.

We have also considered a tachometer feedback
possibly shaped bx;ketwork, This type of system does promise
reasonable dynamic response, depending on the types of net-
works you have here. We are in the process of examining
various types of ne tworks in order to provide sufficient
damping and to minimize the steady state.

The second system we might consider is very
similar. Except for the tachometer feedback, we do have an
integrating gyro. This from the standpoint of complexity
might not be so desirable., It is an additional moving part
but if you can consider a perfect rate gyro, then this
offers an ideal type system because it gives you all the
performance you desire. So it is what we might consider a
standard system that we can use as a basis for comparing
other systems.

Now, this type of system does have one additional
advantage. When the target stars are occulted the loop is
broken right here, the inner loop wi 11 operate and the
vchicle will remain phase stabilized during this period of
time. A system of this type can hold a vehicle to within
a minute of arc for as much as 30 or 0 minutes. So there is

one additional advantage you get in turn for additional
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compexity. When you consider |this type of system, it may be
possible just to remove the mgtor altogether to use the gyro,
use the gyro in two modes of gperation; use the gyro to
provide torque for the vehicle and also use a gyro as a
stabilized space reference. This is another area worth
looking into.

One more type of control system we looked at a
little bit is our vapor jet system. The nice thing about
these systems is their complete total simplicity. There is
no moving part other than the valve. We have the same sort
of error sensor. We modify the prror signal and put it through
a logic network and the signal out of the network operates
the valve. That is all there |is to the system.

Here we have the sawe tor que, external disturbances
acting on the vehicle. This 1is essentially an on-off type
system. It uses just one thrust level. 1Ithas two modes
the
of operation. For large errors, we have/ continuous mode. We
have a steady thrust. Here we have a switching object.

Here is the plot of the error versus error rate. We sense both
of these quantities. This is|a switching logic network that
follows this form. Whenever the vehicle is out on this
side, you get a steady thrust|until it crosses this line.
Then the thrust is reversed. It is essentially a bang-~bang
type of system. When the error [rate gets down to within

certain limits then the mode ¢f the system switches, we have




86

a pulse mode where a standard size pulse is triggered. 1In
this case we set limits to one eighth of a second. Whenever
the error reaches that value, you trigger the pulse. You end
up in a steady state with a sort of limited cycle operation.
For example, we have considered the period something on the
order of 30 seconds. The pulse would actually fire every
25 seconds. If external torques are applied to the vehicle
-- this is no external disturbance -- you get the same sort
of pattern except it would always tend to go back to one side.
Fuel economy for this type of sys tem, we considered water
vapor, specific impulse of about 40 and still for each
channel this type of operation involves about two pounds of
fuel per year. It is quite economical in fuel.

There are two problems associated with this type
of system. First of all, any use of fuel will change the
balance, inertial symmetry of the vehicle,and secondly
what may be more severe is what will happen to the water
vapor that is exhausted. Will it go in the form of a cloud
around thevehicle? If so, it will destroy the experiment you
are trying to accomplish. Until that question is answered
we certainly could not consider using this type of system but
it is interesting. It will have many applications.

(Slide)

I have one more slide to illustrate the pieces of

experimental equipment we have been using at Ames Research
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Foster would like to say a few words about the communications
area. So I will let him take over from here.
PRESENTATION BY JOHN FOSTER

MR. FOSTER: I really don't have too much to say
on the communications. We have only looked into it to a
large extent in association with the control system work. .
However, I will make a few observations here of what we have
at least thought about.

The data system really will have to cover four
different categories of data. First are the ones associated
with the vehicle performance and command. This will be the
state, for example, of the inertia wheels, whether it is
saturation or not, variows commands that go up to operate
the optics and returning data that indicate that these
commands have been performed, this type of data which wil
essentially be a rather narrow band type of telemetering.

Then there is a second type which is the acquisition
TV in various of the experiments or on the platform itself
therefvill be a TV system that looks at either a 10 or 15
degree field, and then finally in some cases dom to one
degree field for acquisition. This picture will have to be
sent down and displayed properly to the operator.

The dynamic range of the light on this particular
TV will not be as great as some of the TV required for the

experimenters. Therefore, the band width requirement on this
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of program, that was where you made the whole sky sort of
essentially a two degree sort of segments.

One of the bugaboos here is that the large dynamic
light range that would bé required for the experiment plus a
reasonably high accuracy, a tenth to a magnitude star, which
in a preliminary aspect was quoted at 10 per cent accuracy,
this was baéed really on a tenth magnitude star accuracy,
this ten per cent accuracy data. The thing is if you look
at a 500 by 500 line frame, and ybu want to scan and send
this data down in one second, you can come to a first low
band width of 250 KC. This is simply multiplying the lines
by the reSolution across the line, but our feeling is that
really you can't with this dynamic light range and accuracy
requirement get by with that narrow band width.

Then you look at various other Schemeg; | you could
code each of these, each and every one of these possible 500
by 500 points. There you arrive at something around two
megacycles band width. Well, we won't have a capability for
that. So some place in between here will probably be the
true case.

One other thing I would like to throw into this,
possibly for consideration of the Smithsonian experimenters,
is that you might look at this and say, well, there may be
only 50 stars maximum in any one of these frames, and you say

well, why worry about all the 250,000 picture elements? Why
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fact that your experiment will take longer?

MR. DAVIS: There are four television tubes.

The one second was arrived at by using half of the motion
time for the transmission of the signal. There is no reason
why it could not be prolonged.

MR. CHENG: 1In other words, if this proves to be
one of the nastiest problems of the whole experiment that
yu are trying to do, there is a possibility that you might
compromise a bit on this and say well, we will reduce the band
width requirement by going perhaps to two seconds
transmission?

MR. DAVIS: Two seconds would not bother us. More
than two seconds would actually start slowing down the
experiment. We would start looking at coding methods as
a possibility.

Dr. Dursey, how long do you think we could afford
to stretch out the scan?

DR, DURSEY: Excuse me. Iwould like to tell you
in your computation about the 150 kilocycles, actually if
you consider just an analogue transmission, go to one half,
125, because if you have a 250,000 picture element on your
picture and you consider the maximum presently involved in
the situation, you have a complete aperture eiement followed
by a complete Hack one. You actually have 125 kilocycles

per second.
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consider carefully a certain number of letters we have to
visualize our picture transmission, and so we may go to a
much higher, much wider band width.

MR. FOSTER: This is the thing I was bringing up.
It is something that will have to be considered. I think
in the early specifications, things of 150 KC and 250 were
pointed out as probably covering the experiment. I think this
is not true. It will have to be looked into more thoroughly.

DR. DURSEY: Who designs the experiment to fit into
whatever band width you give us?

MR. FOSTER: Are there any other questions?

MR. COLLINS (Page Communications): Considering

moment of
the aspects of solar pressure and/ inertia and all these
things mentioned previously, is it possible to consider the
use of six foot parabolic antennas on this vehicle?

DR. ROMAN: On this vehicle?

MR. (OLLINS: Yes.

DR. ROMAN: I think this is for someone else other
than me to answer. Do you have any answer on that?

MR. TRIPLETT: I think antennas is one thing we
have not mentioned. I think that can be a serious problem
from what I gather. The type of antennas you need for
transmission still has the direction in which they have to
be moved.

MR. FOSTER: Actually both the requirements of the
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torques, the main thing is to make the vehicle. symmetrical,
There is a problem. We have thought in terms of symmetrical
to one half of one per cent. It is questionable whether you
can even measure moments of inertia that accurately. That
is the problem, to build this vehicle as symmetrically as
possible. The other important one is the solar pressure.

MR. CHATKOFF: I was thinking of the eccentricity
of the driving function in the unsymmetric inertia, the fact
that your angle of gradient rotated.

MR, TRIPLETT: That would be an additional source
of trouble. You would have to minimize the total effect of
all the sources, at least minimize it down to the point
there are a number of things that will be rela tively
uncertain.

MR. CHATKOFF: You have made no attempt to make
the orbit perfectly circular?

DR. ROMAN: What do you mean by perfectly circular?

MR. CHATKOFF: By having a correction device on
board to take out any eccentricity.

DR, 20MAN: I think we will probably depend on
the vehicle that gets it up there to get it in as good an
orbit as we can.

QUESTION: This type of orbit would be elliptical
and not circular so it does not lead to saturaiion.

MR, TRIPLETT: That is right. 7t is the circulax
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at
computer, /the effects of cross coupling due to gyroscopic
dfects, and also due to the product of inertia e&fects.

They appear to be of secondary importance, at least to the
extent where we think you can design a system based on single
axis analysis.

MR. MITCHELL: Even systems to the accuracies we
are asking for now?

MR. TRIPLETT: Yes, I think so, because the rates
are awfully small, very small. I think you can specify the
parameters,

DR. ROMAN: 1Is there disagreement here?

MR. CHENG (Hughes Aircraft): According to the
preliminary requirements you mentioned as far as possible
the present minitrack facilities are to be utilized for this
experiment. Now we have looked into some of the gains
from the antennas. It does not look like it is up to the
value that will be needed for a broad band reception of data
of the type Mr. Davis wants to have. We just wondered
whether any concentrated changes are going to be made for
the minitrack antennas and possibly receivers.,

DR. ROMAN: I don't think it is in the budget at
the moment. This other matter will be gone into in I hope
rather appreciable detail before much longer. We will be
able to I hope come up with an answer as to whether we can

use a modified minitrack or whether we will have to go to
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come in, Sometimes it gets lower, high effects appear at a
low altitude. I don't think we are going to be able to

avoid it anyway, even if we stay below 500 miles.

DR. ROMAN: I think we had better break for lunch
and reconvene at two. If there is an interest in continuing
the discussion of this aspect of the problem we can, and
then we will get into the administrative side of it,
the management side of it. Also, at the request of a number
of people in the audience, I have written in order on the
board the names of the speakers this morning.

(Thereupon at 12:45 p,m., a recess was taken until

2}00 p.m., the same day.)
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that is the solar orientation, controlling motion about the
axis, As long as you can keep those rates low, then cross
coupling, at least for fine control, is rather negligible,

MR. MEINEL: There is this problem when you move
from one object to the next.

MR. TRIPLETT: Yes, slewing control. You must
consider that., It might be advisable to slew one control
at a time. You can get into some messy cross couplings.

MR. SAVEDOFF (University of Rochester): You
mention plus or minus one degree on the solar batteries,.
Doesn't that limit the area the telescope can look at
rather significantly?

MR. TRIPLETT: I thiﬁk that was for initial
stabilization. You would like to get the vehicle, one side
pointed toward the sun a the side that has the solar cells
pointed toward the sun to activate the power station. I
think any experiment would allow more tolerance in one
direction, perhaps up to 45 degrees, during observations
where you can get 70 per cent effectiveness out of the
solar area. Otherwise, you would have to orient the cells
with the structure.

DR. ROMAN: Any other questions?

MR. BAXTER (Ryan Aeronautical Company): Have you
considered the solar concentrating type of APU source as

opposed to the cell type?



MR. TRIPLETT:
not familiar with that type.

MR. BAXTER:
objection to this type or woul
a good idea?

MR. TRIPLETT: I wou
to any type at this time, anyt
DR, ROMAN: I think
increase the problem of radiaf
that can be solved, I don't th
objection.

MR, BAXTER: This waq
whether or not there would be
radiation pressure.

DR. ROMAN: That and

ability to supply what you wan

MR. MITCHELL (Boeing Airplane Company):

Triplett, have you considered
the viscose drag of the air b€
significant in the control?
MR. TRIPLETT: There
small. - I think with this typs
problem is what we call turbin

the air around this ball -~ th

This can be minimized by very

To my

103

knowledge we have not. I am

I was wondering if there was any

d it not be considered such

ld say there is no objection
hing that appears feasible,
the biggest question is to
if

ion pressure. However,

ink that would be any

uld be the main consideration
any unbalance due to

of course reliability, and
t.
Mr.
in that simulator of yours
arings? Isn't this
is some drag. It is awfully
of equipment a more serious
e torque. Any viscosity of

le thing wants to rotate.

close machining, very carefully




104

polishing of both the ball and the seat it fits in. Still
you have those to contend with. 1In fact, they can be
gquite large as compared to the 100 dyne centimeters we are
talking of here.

MR. GILLESPIE (LRC): On these turbine torques
we have found that we could minimize this effect by tilting
the base to the point where the ball would no longer rotate.
I think this would appreciably reduce the torque in the
ground simulation test.

DR. ROMAN: Any other questions? In that case I
want to make a few remarks in regard to the thing we have
been talking about.

One item you might have noticed is that each of
these experiments has been approached from a somewhat
different angle. Some of them have come up with specifica~
tions which are not in complete agreement with the
preliminary specifications and some of the specifications are
slightly contradictory to one another. On that my answer
is that there is not any really right or wrong about these
at the moment. We are all in the stage of planning and
trying to find the best way of attacking the problem. The
preliminary specifications were written to try to give an
idea to you people of the sort of things we had in mind. Some
of the requirements are firm, In other cases, though, we

could afford to back down a little if it turned out that what
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this point. That is the specifications, the preliminary
requirements for the optical detectors which most of you
picked up at the door this morning. You may not have had
time to look at them. I think a word on those is in order.

We have said that the optical detectors will be
the province of the experimenters. I amnot going back on
that statement with the exception of the television finder
system of course. However, a number of you have been
asking me what type of detectors will be used in this problemn.
Since the light 1levels and +Wwave length regions are different
from those which we think about when we talk about
electronic devices, Mr. Dunkelman, a staff scientist for
optics and detectors, has prepared the preliminary require-
ment to give you people some idea of the types of systems
which the experimenters and we will be interested in.

I think with those comments, I willturn the rest
of the afternoon session over to Dr. Schilling.

DR. SCHILLING: Thank you, Dr. Roman. I think
we are getting now into the presentation where we thought
you may have questions of a general nature, including
controversial questioms and perhaps some questions of what
comes next.

Let me mention again that today we are talking
about a second generation of experiments. I don't think I

have to define second generation experiments. If you want
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QUESTIXN Do you think it might be in 1963, '62
or '6l?

DR, SCHILLING: As Dr. Roman pointed out, the
planning for test projects is not just budget alone. We
have other problems which could not be solved much faster
even with cash. So I think our planning will go ahead for
1963 without specifying at this time whetter it will be
launching very early in 1963 or very late. This may change
both ways. I can not see that it will come much earlier than
the middle or late 1962 if we are optimistic. Could I have
some comments from the panel, if anything earlier than 1962
would be realistic?

I think that we have a general shaking of le ads.

QUESTION: Launching in 1962 or procurement in
1962?

DR. SCHILLING: We are talking according to the
specifications about launching in 1963. Perhaps to amplify
thisa little bit, at this moment we have funded some
preliminary development contracts on a mostly study basis.
Moneys that have been funded on the observation astronomy
program have been in the general area.

DR. ROMAN: There is a little bit going on in that
area. There are also several other contractors, some in
optic.

DR. SCHILLING: Forgetting the proéurement of the
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difficulty about it.
the .

Means of balancing/satellite in orbit. It has been
brought up several times that the satéllite is going to have
to be accﬁrately balanced. Thxre have been questions raised
as to whether you can measure bdlanceﬁ&nfggit in ten to the
third while the vehicle is on the ground in a strong
gravitational field. I think we might be interested in
looking into ways in which we don't have to doit thoroughly
from the ground.

The effect of magnetic and gravitational fields.
This has come up several times today. It may be that
there has been enough work done -on that already so that no
further work is needed.

An acquisition television system, a finder telescope.

A backup system for this. I feel we would be
rather unhappy to pin the whole experiment on a television
system. We would like some other way of finding out where
the telescope is pointing or directing it to another part o:
the sky in the absence of a working TV systen.

The data storage system has come up. In particular
there I am thinking about the storage for experiments such
as the Michigan experiment which Dr. Liller described,,
andthe experiment which Mr. Davis described. 1 have already
covered the detector field. Eventually we hope to prepare

some preliminary specifications in the area of communications

telemetry and data handling similar to those which we have
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distributed in the other two flields. These have not yet
been prepared. I imagine it will be a month or two before
they are. These are areas and the types of areas in which
we think we would consider study contracts.

As to when we will rlequest these, I thimk you will
be hearing from our procurement department in this matter.
This would go through them, and all of you who are here
today, who have signed cards And let us know that you are
interested, will receive any information on that when it is
distributed.

For te sake of the gompleteness, I might mention
two areas which have been brought up several times which I do
not think we wish to pursue véry strongly at this point. One
of these I have mentioned already, the effect of space
the
environment on materials and components. The other is/power
supply. The reason is not that I do not feel that these
areas are important. They obviously are highly critical
for the success of this project. However, they are also
critical for the success of many other projects, and there
are rather large programs already under way investigatiné'the
possibilities and the problems in these fields.

DR. SCHILLING: Thank you. Are there any other

questions on this subject area?

MR. REICHENBACH (Kearfott Co., Washington, D. C.):

Can you outline how NASA intends to organize the system and
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subsystem? You have one prime contractor that will manage
the subsystems?

DR, SCHILLING: Iwill again ask Dr. Roman to
answer, but along with some introductory remarks. Some of
you may be familiar with our present practices which go both
ways. Normally NASA retains top management control for
all its projects. Prime contracts - have been let, like,
for example, in our Able Project where the prime contract
is let with the missile division of the Air Force with the
Space Technology Laboratories. That is one ipgtance
where the Space Technology Lab is engaged in the contract.

We have another way. It goes to the Space Flight
Center where we are building up, taking scientific
capabilities as well as supervisor capability, we will
assign various system management responsibilities.

As to the specific project here, no final decision
has been made, and will not be made for a while. Dr. Roman
may have some specific comments.

DR. ROMAN: I don't think I have very much to add
to what already has beenstated. The decision has not been
made as to whether we will do the major system management
in-house or in industry. However, I think that a large
share of the contracting, a large share of the work other
than system management will certainly go out to industry.

DR. SCHILLING: At some later time we may invite
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that a little further?
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ent, but as has been pointed
System mana gement control
at one of our centers. This
ngley, maybe in cooperation.
roject manager.

Aircraft): Can we pursue

u get to putting your hardware

g that you people will

joining of the systems into

one package and chedk out to some group?

DR, SCHILLING: That

In other words, we have various

more precisely, normally in exp

field packaging, where it takes

pay load a top.

would appear very likely.
possibilitiea. To answer

eriments we can talk about

an upper stage and put a

This payload comes from all kinds of places,

various universities contribute| experiments and so on. We

usually have this payload packaging done. At this point, the

Army Ballistic Missile Agency has done quite a bit with us

in the Juno Program, and is doipg it now. Again in our Able

Project, it was done by STL. Ift is very likely that some of

these things can be done by the| Space Center. When we get

to the second generation experi
when we talk about experiments,

any more,

but we have to talk a

ments like this one here,
these are not small projects

bout payload systems.

In addition to the in§tnmmntwhich our own Center will
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prepare actual assembly of  the complete vehicle and launch

‘may be by the Army, Air Force or Navy or through mutual
cooperation, It is very likely we will look for a contractor for
everything which is above the basic booster system, and ask
for complete assembly. However, we will not ask this agency
to do . the subcontracting for scientific experiments.

This is a long answer. Are you thoroughly confused?

DR. ROMAN: One thing we have been thinking about
in this is that we might like to reserve the right to specify
subcontractors in certain areas. This would of course
apply to the experiments and you have mentioned it might apply
to the telemetry.

MR. STEINMAYER: Puw suing that one step further,
assuming you would have some cantact do that for you, would
you care to make any non-definitive comment about what that
contractor participation might be in the space program?

DR. SCHILLING: Instead of answering in the future
let me go back and give an example. If you remember the
Pioneer flights , something similar was in effect, namely,
where ABMA did part of the launching, as I remember, and
some of you have been involved, I think the responsiblity
after the vehicle was up a certain altitude. Such an
arrangement might be possible. Thisof course depends on the
capability. Also a mutual arrangement. There may be a

possibility of two or three contractas joining together. Are
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there any other comments or questions along this line?

MR. TURNER (Republic |Aviation Corporation): What
do you visualize would be the uyltimate funding to get seven
vehicles into space in 1963?

DR. SCHILLING: Orbitting as astronomical observatory
projects?

MR, TURNER: Yes.

DR. SCHILLING: I think a comment was made that
our panel was probably thinking of about one launching a
year , is that correct.

DR. ROMAN: I don't think we actuwlly stated that.
That is what we would like to see.

DR. SCHILLING: As long as it is not one every
month, I am happy, but to give|you a figure would be really
just artificial., Of course, we¢ have gone through budgeting,
we have gone through detailed budgeting, but with so many
problems unsolved, so much depends on when and how expensive
are the solutions. If I throw|out something like $25 million
that is in the right ball park not counting the boosters.
Would you agree with this? Dr| Kupperian has been in the
budgeting for a 1long time. Would you care to stick your
neck out?

DR. KUPPERIAN: If you don't have any troubles,
you probably could.

DR. ROMAN: I think the real answer to this
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question is that the person who asks it and the others in the
audience could probably da better job of telling us than we
can of telling them.

DR. SCHILLING: Any more questions along this
general line of managerial arrangements, contractwml
arrangemen ts?

MR. BAXTER: I don't remember what you said. If
we have ideas, whom would we see?

DR. SCHILLING: Whom would you see? Well, as in the
past, I want to explain that Dr. Roman is head of our
Observational Astronomy Program. This 1s one of the projects
where she has administrative management and responsibility.
Participating in this project from the NASA engineering
scientists, our Ames Research Center,. They have
prepared the presentation. Some of you have visited them out
there.

Just come and see Dr. Roman. I think your
question was really related to the immediate interest for
study. Any inquiries you have, please address them to Dr.
Roman. If you have project proposals just address them to
National Aeronautics and Space Administration. They will all
go to our Research and Contract Office; Dr. Lloyd Wood will
receive them. They will again end up with Dr. Roman. It is
her responsibility and her associates to make decisions.

DR. ROMAN: I should like to repeat what I stated
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the lowest price on producing 10 packages with very detailed
parts to them.

DR, SCHILLING: Since funding was mentioned, this
list which you read, Dr., Roman, this does not talk of
millions of dollars?

DR. ROMAN: No.

DR. HELVEY: What kind of ceiling would you say?
You said not a million dollars. $100,000? $50,000?
$10,000

DR. ROMAN: I -think it depends largely on the
contract. I think the numbers you have been mentioning
are in the right ball park -~ not the million dollars.

DR, SCHILLING: In the present fiscal year the
funds are very much limited. We are really talking about
something like 10 to 50 thousand dollars in one subject area
as against the other, which is really something to get
started in research development along this line.

Dr. Roman, you have two films which will be shown,
I understand.

DR. ROMAN: Would you like to see a film on the
air floating platform or not?

DR. SCHILLING: Since also earlier this morning
there was mentioned a study being done by Dr. Meinel
for the National Science Foundation in basic research

aspects of astronomy in space, is Dr. Meinel in the audience?
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significant gain in angular resolution over earthbound
telescopes. This sets a rather large size and involves quite
alt of weight and is out of the question as far as the
vehicles that we have been talking about today are
concerned.

We also considered what would be the most desirable
orbit to put this in and came to the conclusion that the 24
hour orbit has many things to commend it. You suffer quite
a payload penalty to get to that altitude, you must admit,
but such things as gravitational torque are less by factors
of the order of a hundred or more, reducing the disturbance
problem from the gravitatiaal torque. Your gain outside
the Van Allen zone is roughly the same level you would get in
some of the low altitude orbits. You still have the
radiation pressure problem to bother you. You are out of
the sputtering problem entirely. You have a continuous
access problem so that there is no data storage involved.
In short,you admit to the payload penalty, you have benefits
from there on.

This type of project is ~-- Dr. Schilling refers
to the one discussed today as the second generation for third
or fourth generation. Nevertheless, some of the problems
appear to have such a magnitude that some study has to be
done reasonably early. That isone of the reasons why we

are exploring it. As far as vehicle goes, there are vehicles
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don't need 60 foot dishesto slew at high angular rates to
keep on your target. You can only take account of the
small perturbations produced by the equatorial bulge and
the moon on such an orbit. We are exploring some of these
problenms.

The moment you get to something as big as 50 inches
there is a fundamental question as to whether you can ever
expect to put a telescope of that size in orbit with
anything approaching the theoretical resolution which is
one of the reasons why we wanted to get up there in the first
place. So there are many problems and many steps involved.

This study will go on and explore some of these
solutions. I think there is mutual benefit in some of these
systems. The point I mentioned to Dr. Triplett about the
problem of being able to move in a coordinate system from
one object to the other. In our case we have the same
limitations, we put the inertial absorber on the navigational
system. So you never change your inertial absorbers at all.
So you get rid of some of these minor problems. The
techniques of setting the telescope are different. You
simply measure shaft angles with respect to your navigational
system to your main package.

These methods are used conventionally. The
question of shaft digitizing is rather standard process so

that it involves a different type of acquisition. Of course,
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we heard about this morning are all solved and the vehicle
approaches a count down stage, we will have a similar
meeting here where we will discuss what to do next.

Are we ready for the £ilm now?

DR. ROMAN: Maybe I can take this time to make
one announcenent which I was asked to make. It has nothing
to do with our program today. Dr. Helvey, of Radiation, Inc.,
has asked me to call your attention to a symposium on space
trajectory which is being sponsored by ARPA and the American
Astronautical Society, being held in Orlando, Florida,
in mid-December. For details I suggest you see him. You
had better stand up so that people will know what you look
like.

Are there any other questions while we are waiting?

QUESTION: If by some stroke of luck someone should
propose a novel idea for a development program, would that
idea be put up for competitive bids, or can a negotiated
contract be arranged?

DR. ROMAN: I think I see what you mean. I think
the question we were answering before was a little bit
different from that. I think at this study contract phase we
would consider that the competititon was in the ideas. It
does not mean that having/gifzn an idea, we would then take

it and send it out to industry for bids.

DBR. SCHILLING: Any more questions?
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first slide,.

(Slide)

I don't know if this is visible to the people in
the back. On theleft side we show what we call some coarse
sensors in two arrangements, one with an indented or
inverted pyramid around triangular cells which in this case
would have a capture capability of approximately 90
degrees. 1In the bottom case we have raised these cells up
above ,the surface of the vehicle which in this case is not a
flat surface, but which continues the slope of the silicon
cells and increases the angle of capture to approximately 150
degrees. TFor this case the cells are mounted 60 degrees
from what would be the normal flat surface. Over on the other
side we show that by adding a shield, the shield is a
long rectangular column, we can increase the sensitivity
of this arrangement by the shadow effect from the shield.

For long duration operation in orbit we have
indicated a possible scheme for correcting any aging effects
which would tend to change the characteristics of the
individual components. However, we are uncertain as to
how much change mzy occur and just how big the problem might
be.

In the next slide we show the measurements made of
the voltage output of the coarse and fine sensors which we

described. In this particular case the source of light was
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an aircraft landing light of rpther low intensity compared

to the sun, and each cell was
individual solar cells, which
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The other thing which the film shows is one of
two methods we have been looking into for means of unloading
the flywheel to prevent saturation. Both methods that we
are considering would make use of the reaction we can obtain
with the earth's magnetic field. In the film we have made
tests with a combination system of a flywheel working along
with a bar magnet, with the bar magnet giving a capability
for reducing the flywheel speed.

A second alternate method which we have not yet
tested but which looks feasible for the case where the
inertials of the satellite are closely equal -~ instead of
designing the flywheel in the form & an elongated
cylinder, to maximize the magnetic skin damping effect
that can be obtained by a spinning body in the earth's
magnetic field. This seems like a possible solution.

I think if we have the film, we can then start. The
film has titles which are somewhat self explanatory.

DR. ROMAN: I would like to suggest that since
there has been the difficulty and the delay in the film
and I know that at least some of you have other appointments
to catch, that perhaps we should adjourn the meeting, and
then those of you who would like to stay to see the two
movies are perfectly welcome to do so.

Before I adjourn I have a message here for Mr.

Reichenbach of Kearfott Company, if he will see me. I want
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to thank you all for coming. |I am very sorry I kept you

waiting this afternoon, but I appreciate your loyalty in

wait ing. Badk at college it used to be you waited ten minutes

for a full professor, and then you left. So I was rather

startled to see a room full of people here when I returned.
However, thank you, and I imagine I will be seeing you again.

I know you will be hearing frgm me.

(Thereupon at 3:15 p.m.,, the meeting was concluded.)
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MR, ROSEN: Ladies an
we loosely call a press confere

I should tell you why
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2
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nce.,
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Dr. Urey, Dr. Gold, and Dr.
hat is really foremost in our

r holding the press conference.

But the reason for bringing th

men are members of the NASA Lunar Science Group.

Yesterday

they met with other NASA people on what is loosely known as

a conference on the moon.

Bob Jastrow tells me that the reason

for this is to try to explain to the geophyicists and geo-
scientists that there is a relationship between their problems

in the exploration of Earth that are common to the problems
concerned with the exploration jof the moon.

The Lunar Science Group of the National Aeronautics

and Space Administration has as
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assured contact with NASA.
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recommendations as it has been
lunar sciences program of the N
Administration. It will be abl
Science in defining scientific
support requirements for a soun
program. '
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ship of the Lunar Science Groupg
Gordon MacDonald, University of
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Technology, Pasadena; Harold Un
ography, University of Californ
Morris Ewing, Columbia Universi
Jet Propulsion Laboratory, Pasa
Thomas Gold, Cornell University
Rossi, MIT, Cambridge; Frank Px
Technology; Joshua Lederberg, S
of Genetics; and the Chairman i
Goddard Space Flight Center.
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tific community with an
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into town is that these gentle-
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On the platform we
Dr. Gold, Dr. Jastrow, Dr. Ur
Later on perhaps Dr. Rossi of

Gentlemen, you are
are to glean from you your wo
to transcribe this conference
passed out to a large number
will be contained in this tra
background for later articles
For you ladies and gentlemen,
some time tomorrow morning.

have, from my right to left,
ey, and Dr. Harrison Brown.
MIT will be in,.

here before the press. They

rds of wisdom. We are going

and the words will then be

of newsmen. Material that
nscript will be used for valuable
that will probably appear.

a transcript will be available

Dr. Jastrow will open the conference and give you

some highlights of the confer
geoscientists, then remarks f
and then we will throw the di
floor.

DR. JASTROW: If po
that we throw the floor open
few remarks to the members of

MR. ROSEN: One oth
the Moon. There will be noth
programs with regard to when
that is the principal reason

Dr. Jastrow?

DR. JASTROW: We ar
opportunity to talk with you

With reference to t
it was sponsored by NASA. It
Theoretical Division of Godda
the problems of lunar researc
niroblems but the scientific
we would like to obtain answd
answers, and in yesterday's ¢
degree how we propose to go a

s

In this conference,
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ence we had yesterday with the

rom each of the participants,
scussion open to you on the

ssible, I would like to propose
for questions after I make a
the Group.

The subject is
nothing on
and

ing on payloads,
something is coming off,
I am here,.

e very pleased to have the
and answer your questions.

he conference we had yesterday.
was held specifically by the
rd. It concerned itself with
h, not the money and management
roblems, the questions to which
rs., why we care about the
onference to a very lilited
bout getting them.

which was run in a very informal

manner, the morning session
of the meteorites and their
some small, some large, whic
Earth, and there is good rea
them at least come from the

as devoted to some discussion

rigin. These are small bodies,
fall on the surface of the

on for believing that some of

oon. There is a great deal
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of dispute about this last paint.

4

That dispute was inter-

woven throughout the discussion yesterday.

Dr. Urey in particular discussed his ideas on the

origin of the meteorites. I
talk to you about that point
interest in the moon itself,
ments that it rains on us,

Following the discu
meteorites and some discussigd
to lunar matter, Harrison Brd
an ‘analysis of the distributj
meteorites and showed that on

think he would be delighted to
as well as about his very strong
apart from the possible frag-

ssion of the origin of the

n of their possible relation
wn presented the results of
on of sizes and weights of the
| a log plot. This distribu-

tion was a straight line, wi

h slope 0.77, which when

extrapolated to very large masses indicated a yield of

major fragments, major meteo
duced the Arizona meteor cra
Siberia in 1908, I think.

If I am not mistak
point that on this extrapola
ten thousand years apart. H
about that, or some other as

Harvey Allen was a
about some re-entry studies
and related to the ablation

John O'Keefe talke
general problem of the meteo

Gordon MacDonald,
a plane back to the Coast, t
moon, its thermal history, t
course of its 4% billion yea

ites, such as might have pro-
er, and that which fell in

n, he mentioned to me at one
ion such large falls were about
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ect of his research.
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ho unfortunately has had to catch
lked about the interior of the

at is, how hot it was during the
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likelihood of internal seismic activity, moonquakes, et

cetera.

Then there was a discussion by Dr. James Arnold,

from Scripps in LaJolla, of

he detection of lunar radioactivity,

which again for reasons I hope may come out ip this discussion

appears to be one of the mos
portant first experiment tha
of the moon.

Finally,
current on the properties of
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&

Thomas Gold discussed somd of the ideas

the lunar surface, the nature
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of the mare, et cetera.

That concluded the
parties concerned enjoyed it
deal of very 1loud debate and
carefully preserved on tape a
hear and other people hear so

That is all that I

to throw it open to the floor|.

MR. ROSEN: Are the

QUESTION: Dr. Jast
cussed questions to which you
answers, and why you would 1i
these for us?

DR. JASTROW: Yes.
he would first comment on why
answers, why we think the moo
science.

DR. UREY: ©People h
history of the Earth for a 1lo
concerns a great many people
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not only the lay interest tha
but because the development ©
of the development of stars,

If one looks around
record might be preserved, I
places where this record of t
is very well preserved in sevV
bad, but valuable in many way
running water on the Earth wh
the Earth and given it a very
last billion years or so. Bu
the more ancient record.

The moon has had no
the events that have occurred
since the time that they were

The meteorites are
a record, a very ancient reco
them that it is about 44 bill
the processes that piroduced t

day's session. I think all
very much. There was a great
bitter wrangling which we

nd hope to be able to have you
me day, if it is reproducible.

have to say. I would like

re any questions?

row, you said that you dis-
would like to obtain the
ke them. Would you enumerate

Let me ask Harold Urey whether
we would like to have these
n is an important object to

ave been interested in the

ng time. It is an interest that
at the present time. People

the origin of the solar system,
t we are all acquainted with,

f the solar system is an example
of which there are many.

to find places where the
believe that there are a few
he histery of the solar system
eral ways. The Earth is rather
s. It is bad because there is
ich has changed the surface of
interesting history during the
t this running water has destroyed

wear on it at all and hence
on the moon are recorded there
procduced.

another sample of matter in which
rd is preserved. We know from
ion years since a great many of
hese objects occurred,
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We are fully expec

of the moon will give us addi
very ancient record of the s

And so this in its
some interesting questions.
ever completely melted? If
this requires that we had a
a long time ago that produce
not completely melted, was i
what ways was this produced?

Also, I am much in
point of the abundance of th
fundamental abundance of the
are trying to explain. We p
of material that was of inte
No, there are a lot of thing
but at least we are feeling
The moon will supply this in

There are other thi
which should have a well-pre
the moon is nearby, and it h
It is cold enough to preserv
we wish to investigate, and
place in our exploration of

6

ing that the surface regions

tional information about a
lar system.

1f will enable us to answer
For example, was the moon

it was completely melted, then

ery high temperature process
the Earth. Or if it was
partially melted, and in
Things of this sort.

erested in it from the stand-
elements, what is the

elements that the physicists
actically exhausted all sources

est to us, namely the meteorites.
to know about the meteorites,

he need of additional samples.

certain ways, we think.

ngs. There are the asteroids
erved record as well. But
s no atmosphere, no water.

a great many of the things
o this is our first stopping
pace.

Does that suit you, Bob, as a beginning, let's

say?

DR. JASTROW: Yes.
to it.

Let me add three sentences

MR. ROSEN: We might also have rebuttal.
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DR. JASTROW: This question of the origin of the sclar
system 1 hope does not seem to you to be a dry and very academic
one. It is a question of tremendous interest and unexpectedly

wide-spread importance.

There are a couple of ideas that are current at least
in recent times regarding the origin. One of the popular ones
awhile ago was that the planets and other bodies in the solar
system were torn out of the body of the sun by gravitational
forces in a near collision with another star going by by accident,
and that these hot masses of gas condensed in the course of time
in the planets and satellites as we know them.

Another theory holds that the sun itself was formed
by the condensation of interstellar gas and as the sun condensed
into a disk and under gravitational attraction to a more compact
mass, there was some mass left around the outside of it which in
turn condensed into smaller centers, and those are the planets.

Not the planets but
have been of planetary size, o
collided in the course of time,
masses attract more strongly t
instability and accidental flu
bodies by the secretion proces

The point I want to
was formed out of hot gas of t
the solar system were at one t
earth as they condensed must h
solidified.

On the other hand, if
cool gas by accretion of small
that they were never melted unl
interior raised the melting poi
great deal about the probabilit
is a subject of tremendous phil

The probabilities of
very remote. On the other hand
the condensation process it is
planets around a great many sta

Of those planets. the
the size of the earth and about
stars to get the same amount of
circumstaunces favorable for the

t least small objects which may
may have been smaller, and they
some of them, and because large

an small bodies, there was an

tuation could produce very large

ake is that if the solar system
e sun, then surely the bodies in

ime very hot, and the moon and

ve been in melted form before they

the condensation occurred out of
objects then it is very likely
ess radioactive elements in the
nt. We will also have learned a
y of life about other stars which
osophical and scientific interest.

collision between two stars is

if the solar system was formed by
much more probable that there are
rs‘)

ones which happen to be of about
the right distance from their
radiation as the earth, will have
creation of life as we know it.
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This is all in the b
determining the origin of the

As Harold has said,
most interesting object in the
because its history has been p
three or four billion years.

8

ackground of this problem of
solar system.

in that problem the moon is the
skies for us, nearby object.
reserved throughout its life of

DR, GOLD: Of course I completely agree with what
has been said about the importlance to the understanding and
origin of the solar system that the moon gives us.

The ideas that oune has about how many other solar
systems there might be. of course is very much dependent upon
the correct interpretation here. One has reason to believe
that perhaps all slowly rotating stars are rotating so slowly,
otherwise very difficult to explain, are rotating so slowly
because their spin has been lagst through friction with a disk
of material giving rise to planets such as is one of the more

modern theories of the origin

of the solar system.

rotating stars are stars poss

ssing planetary systems or at

In that case one wo%ld think then that all slowly

least disks of gas that are c
planetary systems.

pable of coundensing into

In addition to seei the details of the geological
record embeded in the moon, ogFthe geological, as it were.
lunological record of the solar system. to see that embeded
there, in addition to that one might also discover facts about
the origin of the solar system%from the dynamics of the gas

which is still in existence no

about the gas dynamics that mi
the actual formation process a
momentum in the system.

and which might give us a clue
ght have been responsible for
nd the distribution of the

Would you like me to say something about the moon?

DR, JASTROW: If you

hadn't I was going to say uow

let's get to some of the things that we really got hot about

yesterday, namely, what is on
we think it compares with our

DR, GOLD: T have be
that the moon itself has been
that the present features on i
most of its history it has bee
enough so that no very large c
occurred,

the surface of the moon. how do
pld ideas. What do you think?

en proposing the point of view
through most of the history.
ts surface relates to. through
n cold or largely cold. cocld
hanges of internal origin have
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his are that we see a lot of

The arguments for
pictures, of roughly a

markings, as you sce on {hesc
circular sort,

w this won’'t be on the trans-

ested in the moon and its

e ago -~ a year or sO ago.

raph of the moon we saw very
of looking at it to really

DR. JASTROW: I kn
cript, Dr, Urey got us inte
particular importance someti
When he first showed us his
little on it, It took a yea
see all these things,

DR, UREY: It always does,.

1d like to make sure that you
ved.

DR, JASTROW: I wo
get the points that are invo

ints out that every one of the
surface is an exact circle.
nts produced by mountains,

| For example, Tom p
markings on this much-scarre
You don't find any displacem

DR. GOLD: Wwhen you say an exact circle, it is
not that it is precisely cirdular, but no way has it shifted,
deformed, substantially pulled out of line, While if you
took any markings that you hdad put a long time ago on the
earth's surface, a lot of markings staked out with stakes,
if you like, and come along billion years later, there
would be very few places on the earth's surface where there
would not have been large contortions of the ground that
would have displaced this veny greatly.

: DR. JASTROVW: 1Isn'f it correct that on the earth
such configurations might ladgt about ten to a hundred million
years?

DR, GOLD: Yes.
DR, JASTROW: If not longer. It is a short time.

erb i DR. GOLD: Not only for erosion, Quite apart from
| upoi :; fort;easons of internal deformations that are impressed
e ear s surface, these def
absent on the meon. ormations are conspicuously

DR, JASTROW: That means that everything h
ere is
three or four billion years olld, ’ ¢

QUESTION: How do we know that?

DR, GOLD: We have the followiug renson: We are



pretty convinced that ali the
due to impacts with quite larg
reasonable way of interpreting
indeed the actual even present
the earth by substantial pieces
a certain fraction to be duc t
they all look much alike, we t
they are due to impacts, then
that occurred at the time that
bigger ones, the bulk of the g
because otherwise the earth wo

That alone puts it a
billion years ago.

crefore suppose are.

10

ock marks that you sece are

objects. There is no other

the detailed features, and
day rate of bombardment on

"would suggest in any case

that process. And since

1f

hey must be due to impacts
preceded, at least for the
ological record on the earth,
1d show that kind of a surface.

matter of more than about a

Otherwise we would go to the Canadian

Shield and we would find it all full of circular holes Jjust
as any region, for example, here, would be,

But it isn't. These

holes are quite deep. Despite

all erosion they would still show in the geology of the

ancient regions of the earth.

They are not there, There

might be some there but they are not there in this kind of

concentration.

, So this puts the whole story back, that the bulk
of this bombardment must have been only about a billion years

ago.
DR. UREY:

DR, GOLD:

that date substantially further back.

Three billion.

In fact one would be inclined to put

But I think one could

really sort of swear that it must have been over a billion
years ago, most probably something like three.

QUESTION: What kind
hitting the moon at an oblique

- . . DR, GOLD: It also 1l
roughly circular. The point i
surface at a very high speed d
a bullet would at a much lower
hole is formed chiefly by push
way by the impact.

At these very high s
by that process but by the fac
so intensely heated by the col
that it is vaporized and a con
is vaporized, therefore the es

of a mark would an object
angle leave?

aves a circular mark, or

that objects hitting the

not make an impact hole like
speed because the bullet's

ng the material out of the

eeds the hole is made not

that the incoming object is
ision at this very high speed
iderable quantity of ground
ential hole is made -- a large
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part of the hole is made just f
extremely hot gas, a large quan
suddenly released. That makes
speaking, a hole whose shape at

dependent on the direction at which the piece came in,

is just that at those speeds an
explosive at impact.

QUESTION: What sort
we have run through a couple of
‘a situation like that on the md

DR. GOLD: Some of us
swarm of material that was real
the solar system material. Tha
is perhaps the tail end of the
form the planets. Some of that
still in existence now as meted

QUESTION: And as ast
) DR, GOLD: And as ast
that 1if you waited long enough
material in the solar system an
the solar system is being deple
picked up by planets, undoubted
at the moment than it is being

. But of course one wou
phase of such a process would t
the time you have only a few pi
few,

So sometime in the pa
were higher and were responsibl
think that this is the kind of
" have on it when it has just bee
tain distribution of large and

One aim is to interpr
this light, and with the great
upheaval, with no mountain bui

‘it will take a long time to

11

rom the sudden release of this
tity of very hot gas that is
a circular hole, roughly
any rate is not very
1t
y solid behaves like an

of a swarm of material might
billion years ago to create
on?

think that that is the

ly part of the origin of

t what you are seeing here
ma terial to be picked up to
very tail end perhaps is
rites,

eroids also?

eroids., There is no doubt
now that the meteoritic

d the asteroid material in
ted because it is still being
ly in much greater quantity
shattered off them.

1d expect that the final
ake a very long time. By
eces :left, comparatively
gather them all up.

gt the rates, presumably,

e for all this. Some of ‘us
surface which a body will

n put together from a cer-=
small pieces.

et the lunar features in
absence of any internal
ding process of internal

origin but only with the pock marks being the only surface
features, one is very tempted to think -- at least I am

very tempted to think -- that there were no large internal
re-melting processes, that thene were no large lava flows,

no great outpourings of internal material,

because such

outpourings of internal material one would think would tend
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to distort all the adjacent regions, distort the ground and

buckle it and contort it, as happe
much smaller outpourings that have

suggested.

DR, JASTROW: Don't thes

DR. GOLD: The argument
following, and this is the one tha
dark regions that you see, which a
not quite flat, that all these reg
flooding by a very fluid lava, flu
itself flat over big distances, an
enormous amount of volcanic activi
This idea of course became current
still thought of the pock marks t

re remarkably flat,

ned on the earth with
on occasions been

e look like lava?

has usually been the

That all the
though

t I oppose:

ions were caused by

id enough to distribute

d that therefore an

ty must have occurred.
at the time when one
mselves being volcanos.

There is so much evidence against this point of

view, of the pock marks being volcanos,

accept the point of view that thes
still hang on to the idea that the
internal origin.

DR, JASTROW: How about
of the parent volcano?

DR. GOLD: The Russians
would like to make clear that we b
any active volcano of a terrestria
hundreds of on the earth, on the f
have shown up in a way that we wou
very many years, we would have bee

The quantities of gas, a
that come up from the interior of
apart from the big eruptions, are
show up optically quite easily on

‘There is no question tha
we see, and probably not the back,
even the smallest of active terres

QUESTION:
was an error?

Then you thin

DR, GOLD: I wouldn't sa
that it is quite possible, and rea
from time to time some gas will bl
the moon, That is a thing not nec

that most people
are impact craters but
flat regions were lava of

that Russian observation

reporting a volcano, 1
lieve that any volcano,
sort, such as there are
ont face of the moon would

ld have known about for
very clear about it.

hes, vapors of all sorts
ctive volcanos, quite

o great that they would
he moon,

the face of the moon that
either, contains any,
rial volcanos.

that Russian observation

that., But I would say
ly to be expected that
w out of the interior of
ssarily related to
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volcanism. If you put a big obj
good vacuum and watch it for a 1
absolutely still, the slightest

the slightest bit of distortion,

13

ct like the moon into a

ng time, unless it keeps

it of cracking that occurs,
will release internal gases,

of which there must be plenty locked up on the moon, and the

quantities of gas coming out int
immediately may produce visible
to have observed.

But it is quite certai
burst in which big floods of lav
that kind., It is not like a ter

DR. JASTROW: I want t
which the outgases were observed.
an this half but on the half I 1

this very good vacuum
esults such as they claim

that this was not an out-
came out or anything of.
estrial volcano,

show you the crater in
It is unfortunately. not
ft in Mr. Rosen's office.

We don't have the half with that crater. It is

called Alphonsus.
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QUESTION: Incidental
The Russian said the

is still going on, tha

gocing on,
call it,

DR. JASTROW: We disc
length in the symposium we had
The consensus, I think it is fa
have been some outgassing, ther
and may indeed still be going o

DR, UREY: [ might re
bit about what & would be like,
would involve water, if relatio
thing at all.

You have almost a per
water would rush out, evaporate
temperature and the water would
up the hole through which it wa
evaporate and you would expect
what of the action of a geyser,

It you think of the g
have been going on, to my perso
vears without making much chang
sevaer at all. And so this sor
moon would be one that would le
see at all. But if
nobody would argue about it at
it was there,

DR. JASTROW: Before
e make a remark about the moon
»f it, which I think is importa

Actually, if you look
scarrad and apparently consisti
walls and surrounding flat plai
such a crater as this is someth
miles scross -- I am not sure o
wvould be fifty or sixty, Tom sa
are what seem to be fairly stee
they arg cnly about ten or twen
the floor of the crater. So if
riiddle of the floor of this cra
the horizon we would see a rath
1t would seem that way.

14

y, Koserov says it is still
outgassing, or whatever you
he detected some sincc then.

gsed this question at some
ere in Washington last April,
r to say, was that there may
was no violent eruption,

ark, if we think a little
the outgassing problem
& to the Earth mean any-

ect vacuum. And so this
and go down to a low
freeze and finally freeze
coming and it wouid $till
hat it would partakc some-

ysers aof Yellowstone, they
al knowledge, for fifty
in the appearance of the
of thing happening on the
ve no marks that one would
happened on the rmoon,
11. We would all be sure

€ go on to science, iet
and the artist's conception
tb

at ‘this and find it very
g of these high mountain
s, I must remind you that
ng like twenty oxr thirty
the scale. This ono
$. And around it there
ramparts. But actuaiiy
y thousand feet high above
we were standing in the
er and looking arcund at
r gentle roll of hilis.
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It must be remembered there is no atmosphere to give

you distance perception.

There|is also a rather gentle hill.

If you are standing on the lip of that crater you would see

no precipice. The 1lip,

I believe,

rises only a few thousand

feet above the surrounding surface.

DR, UREY: There is a

peak.

DR, JASTROW: With a 1
lands the moon is not the concej
craggy peaks towering out of it

very, very gradual mountain

few exceptions in the high-
ption of a flat plain with steep
It is a broad rolling region.

We don't know the structure. W
of broken lava bits or other th

DR. GOLD: We know so
namely that radar observations
smooth down to dimensions of th
not very much rougher on the sc
roughness we see on this kind o
a mile. That is to say, when w
a distance of a mile here, when

it, you will find it over that

smooth;, not to be broken up int
QUESTION: It would b
DR, GOLD: Yes, with

rate smaller than a few inches.
observation that the surface is
shall we say. 1f we had though
blasted out of very hard rock,
after that, then you would do b
and have a look at the crater w
meteoritic there, and it is abo
composed of very tough rock wit
cut to make the big bowl, all p
(indicating). And there is a t
of that order, around this crat
its whole volume, as far as we
of rock that size, each weighin
tons.

QUESTION: 1Is that Ch

DR. GOLD: Yes, If a
had just occurred in hard rock
sequently eroded, then we would

don't know if it consists
ngs. )
ething about the fine structure,
ave shown that it is remarkably
order of a few inches., It is
le of a few inches than the
scale where we can see about
see a gradient extending over
you go in detail and look at
istance of a mile to be pretty
little ups and downs.

a pebbly or sandy surface?

he units of it being at any

It is sure from the radar
not all covered with boulders,
of this being pock marks
nd with nothing else happening
st to go to Northern Quebec
ich I am almost certain is

t two miles across. It is

the pieces that were thrown
eces of this sort of size
ousand-foot wall, or something
r, and it is entirely through
an tell, composed of chunks

a matter of three or four

bb Crater?
1 this amount of bombardment

ike that, and were not sub-
expect all this to be as
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rough as Chubb Crater is and th
completely different. So there
not the situation.

I think for this reas
erosion process must be envisag
works in the way of making thin
personally think that it goes s
flat regions the filling in in
icles that are responsible for
I think of as being sedimented

QUESTION: Without wi
does your erosion come from?
DR. GOLD: How does t

DR. JASTROW: One is
the fine material, and the othe

DR, GOLD: One mechan
such impacts made all these big
so it is pretty clear those wer
proportion, to say the least, o
any case have been made into fi
be that the problem as to what
very hard. Almost all that we
of very fine powder, loosely ce
places, but not much.

The transportation is
seemed to me that by far the la
be active in moving any particl
Earth, would be wind and water.
it is likely to be electrostati
the dust particles, as on the t
by electrostatic forces. We ha
in the way of the sun, in the p
a perfectly good agency for cha
scale pattern the dust particle
And I think that that provides
by charging it in such a way, ezx
then some particles jump.

QUESTION: Repel each

DR. GOLD: Repel each
every particle on the surface sy
now and then.

16

radar observations would be
is no question that this is

n and for some others an
d as having occurred that
8 remarkably smooth. I

far as to make the very large

very flat way of fine part-
he erosion. $So that all this
owder .

d and without water, where

e stuff get transported?

he mechanism of transport of
is how it is powdered.

sm of the construction,
holes. They are all round,
large impacts. A large
the material will have in
e powder then. So it may
akes the fine powder isn't
ee might in fact be made
ented together in some

It has
expected to

the real teaser.
gest force to be

on the surface, on the

On the moon, in a vacuunm,

forces. I can easily move
ble here, electrostatically,
e a perfectly good agency
esence of a vacuum, we have
ging in an eratic small

that lie on the surface.

way of moving the material
ratically, that every now and

other?

other and move., So that
iIffers a little jump every
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By that process -- I know that sounds like a slight
process -~ the time scales we have available are enormously

greater than the erosion times

if one makes estimates they are
if one makes an experiment, as

of mine at MIT, if one makes ex
rock powders with beams of char
same nature as do come from the
moon, one can reproduce this me
grains,

So this kind of hypot
are all made in that way, and a
ground, is the alternative to t
people have largely held, that
to internally-supplied lava.

DR. JASTROW: At the
question, why do we think this
the moon. We said it is concer
fundamental of all problems in
origin of our solar system, and

Then the gentleman al
to find out what is there, I w
be interesting to mention a few
in mind. Not when we plan to d
to do.

In this connection, t
One is that one wishes to explo
great detail to find out if it
as Dr. Gold suggests, and it su
question of how deep the layer
rocks are, and what the fine-sc
is so that we can pick good lan
depositing packages of remote-c
one would hope to do from a tel
instrument in a satellite, a 1lu
a while to do that and do it we

Another point that we
and this is an experiment which
Arnold -- who is not here, unfo
of the radioactivity in the sur
why that is important are twofo
want to know whether the moon h

vailable on the Earth, and
perfectly reasonable. Indeed,
as done by a graduate student
eriments with bombardment of
ed particles, such as of the
sun and undoubtedly hit the
hod of eratic jumping of

esis that the flat regions
e a denudation of the high
e point of view that other
11 the flat regions are due

eginning some one asked the

s important to find out about
ed with one of the most

uman investigation, the

that has many ramifications.

o asked, how do we propose

nder whether it might not

of the things that we have
them, but what we plan

ere are really two motivations.
e the surface of the moon in
eally is covered with dust
ely is, and it is only a

f dust is, and how big the

le structure of the surface
ing sites eventually for
ntrolled instruments. That
vision camera or photographic
ar satellite. It will take
11.

want very much to examine,

is being developed by Dr.
rtunately -- is the detection
face of the moon. The reasons
1d. One in particular. VWe

as ever melted at any time,
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and what its thermal history wa
the origin of the solar systemn.
times in its history. That hea
contributed to by the decays of
uranium, and so forth, in the s
moon. If we can measure the am
crust, we will have some idea o
moon and have some idea of its

In addition, differen
that have been proposed for the
different amounts of radioactiv
measure the gamma rays which co
we get some information about t

Then finally, cosmic
the surface, as Dr. Arnold and
covered,produce artificial radi
rays in the resultant decays, w
of the elements on the surface.

So if we can put a pa
detector on the satellite, we c
the surface composition of the
very much before we land there,

QUESTION: Were you a
on that from the Soviet moon sh

DR. JASTROW: No, I d
activity detector.
QUESTION: We asked t

ference, and they said they did
or 1/10,000 of a natural radiat
scientist, their cosmic ray sci
detected nothing with this inst

QUESTION: Were they

DR. UREY: That is a
that by the reporter of Busines
been able to get a confirmation

QUESTION:
press conference.

Krassovsky

DR. UREY: 1 think it
to them and see what they tell

18

because that is related to
How hot was it at earlier
ing is to a large degree

the radioactive elements,
rface of the interior of the
unt of radiocactivity on the

the concentration on the
hermal history.

’

kinds of rocks and matter
surface of the moon have
ty in them. So if we

e off radioactive decays,
e surface composition.

ay nutrons are captured by
is collaborators have dis-
activity, and the gamma

ich again are characteristic

ticle, a gamma ray lunar
n detect something about
oon which we want to know

le to get any information
t, on the radioactivity?

n't think they had an

em that at the press con-
have. They said 1/100,000
on background. The

ntist, stated that they
ument.

alking about --

urious thing. I was told
Week, and I have never
of it since.

made this statement at the

would be a good idea to write
us they found.
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I will

QUESTION: I don't kno
radioactivity or the radiation b

DR. JASTRCW: We thoug
and meant the radiation belt. I
on this point.
QUESTION: We pressed
QUESTION:
transcript made of that press co
him at the American Rocket Socie
DR. UREY: Give me the
Let me explain just a
activity in more detail soc that
Constant melting throughout the
throughout its history. This ma
of the Earth as basalt, granite,
and thorium are increased in the
about one hundred or more over t
average meteorites; the most num
the chrondrites. Potassium is i
materials by twenty to forty tim

If we turn toc ancther
achondrites, the uranium and tho
factor of about ten over that of
potassium is decreased.

Suppose that the surfa
differentiated by the Earth. Th
amounts of radioactive materials
Suppose it has not been differen
be probably similar to scme of t
very low concentration. And it
some melting processes similar t
occurred in the case of the acho
the moon. So by just spotting t
a very quick analysis that indic
entiation has taken place, and i
the history of the moon.

I think Irvi

19

do that tomorrow, Beb.

if they were talking about
it.

t they had been misquoted
gather you were specific

hem closely.

ne Hersey was having a
ference. You might write
y:;

name and I will.

ittle bit about this radio-
cu will get the picture.
arth has been occurring
erial flows to the surface
and so forth. Uranium

e materials by a factor of
at that is found in the
rous group of which are
creased in these surface

S,

roup of meteorites, the
ium are increased by a
the chondrites; but the

e of the moon has been

n we expect to find similar

on the moon's surface.
iated at all. It would

€ chondrites. That is
ight be intermediate if
those that seemed to have

drites were effective on
is radioactivity we have

tes what kind of differ-
aids us in understanding
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QUESTION: Dr. Urey, h
can be indirect or by inference,
reduced to a matter of going up
and bringing it back to analyze

DR. UREY: On this rad
a vessel, a vehicle a hundred mi
the moon, say, or something of t

possible to find out whether pot
concentration on the surface of

entirely possible that the Russi
made that measurement. We won't
possible that they have.

Now then,; understand t
us what is in the very cutside s
there is debris and broken up ma
the surface of the moon, maybe w
debris and therefore we should b

Now then, if you wish
we must land instruments on the
of the moon at the surface and d
at various places on the moon an
kind.

QUESTION: Actually, w
there, then?
DR. UREY: Procbably no

want to dig away a matter cf fee
the sort, to get down tc see wha

DR, JASTROW: Harrison
he is interested in and has been
ment of which involves the exami
Would you say something abcut th

DR. BROWN: I just thi
that in principle it is possible
moon which will carry out chemic
mote control; and where the resu
metered back to Earth.

There are many kinds o
radioactivity experiment is one.
are using quite successfully on

20

w much of this observation
and how much actually is
here and picking up a piece
t?

cactive thing, by flying
es above the surface of
at sort, it should be
ssium has increased in

he moon or not, and it is
n scientists have already
say they have; but it is

is of course would only tell
rface of the moon. If
erial scattered all over
are only looking at the
sceptical of the result,

o go farther than that,
con that pick up samples
wn below the surface and
make analyses of this

will have to do some mining

deep mining, but one would
ten feet or something of
there is below.

Brown has an experiment
consulting on in the develop-
ation of surface samples,

t?

k it should be emphasized
to send instruments to the
1 analyses for you by re-
tant analysis can be tele-

approaches to this., The
Another approach which we
eteorites at the present
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time is known as X-ray florescen
meteorite under a particular kin
measure the radiations that are

determine the relative numbers o
elements. Were we able to put o
it, get it to the moon and put i
we would be able to get an analy
elements and in that way determi

chemical nature of the rock whic

In like manner, it is
carry out another kind of analys
activation analysis, which we ha
for trace elements in meteorites
a suitable neutron source con the
measuring the radiations which a

At the present time th
are interested in these problems

DR. UREY: May I just
Brown was saying, that very intel
place during the last ten years ¢
of very brilliant young men in t
Chicago, California -~- and also
understanding the ages of these

One of these methods d
potassium turns to argon. The m
for stone meteorites, to which t
years. Since that time this cbj
above ordinary temperatures, cer
Earth, for all that length of tii

We would like to know
moon. Was indeed the moon made
meteorites were made?

This
inference that:
an inference.

date of the meteo
the Earth was mad
We have no measur
this. And the same is true of t
at this time? "Are we indeed dat
formation of the soclar system in

Another interesting su
is the existence of certain gass
duced by cosmic rays in the mete

21

e, where you put a slab of
of X-ray machine and you
iven off. You can actually
atoms of certain critical
e of these, to miniaturize
on the Earth's surface,
is with respect to these

e something about the

is there.

ossible in principle to

s which we call neutron

e used rather successfully
This would mean dropping

mocon with suitable detectors

e emitted.

re are several of us who
and are working on them.

ention, continuing what Dr.
resting studies have taken

Hue to the efforts of a number
his country -- in Washington,
in the USSR -- directed toward
pbjects by radioactive dating.

epends upon the rate at which
aximum date observed so far
his applies, is 4.4 billion
ect has not been warmed
tainly that exist on the

mea

the same thing about the
pt the same time that the

rites is what we know. An

e at the same time is only
ements that certainly prove
he moon. Was the moon made
ing the actual process of the
these studies?

bject that has been investigated
eous materials that are pro-
prites. This has been
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investigated in iron meteorites and
oldest ages so far found by this pr

of years as a maximum, though most
borhood of millions of years.

This lower age we think i
broken out of a matrix that protect
Angd the date at which they were broken out is what we

rays.
think we are measuring.

Curiously enough the sto
younger than this on the cosmic ra
millions of years. We are most pu
occur. There have been several su
I made one myself last April. Var
made to account for this.

So far as the moon is co
sample from somewhere around the p
far below the surface -- we must s
surface -- and if we can have a sa
can extract these gasses from it,
we will be able to say whether cos
time during the history of the sol
we will have a total effect for the
of the moon in regard to this prob]

We are much interested i
cosmic rays, where they come from,
have they been constant in time an¢
If you wish to go back in time on ¢{
a sample of the moon gives us an 0]
it.

DR. JASTROW: The intere
moon is more important than Mars af
only object that we have accessible
destroyed by erosion, surface dest:
Venus and Earth all have an atmospl
at one time. But the moon is the
its history written on it. And th
the origin of the Solar system it
to go for. I think that is the ba
are so interested in the moon.

hd Venus.
e to us which has not been
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| stone meteorites. The
*ocess run to the billions
of them are in the neigh-

s due to the objects being
ted them against the cosmic

e meteorites are much
scale, some tens of

zled as to why this should

gestions made about this.

ous suggestions have been

cerned, if we can get a
les of the moon, not too
ay pretty close to the

ple of that material,

nd measure the quantities,
ic rays are constant in

r system or not. At least
8 1ife of the moon, the age
lem.

n these exceedingly powerful
how they are produced,

1 so forth and so forth.

any of these problems, then
pportunity to investigate

sting thing is that the
The moon is the

royed by erosion. Mars,
here, and possibly oceans

bnly one that has all of

prefore if we want to know
Ls the moon that you have

sic reason why we as scientists
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QUESTION: I want to ask Dr. Gold about the
Soviet moon photo, if it has given him any new ideas.

DR, GCLD: Avy new information?

QUESTION: Yes.

DR, GOLD: 1 think from the point of view of the
studies that I was referring to, one has enough examples
on the front surface and one is very desirous of course of
a very high definition for that purpose so that one would
concentrate on looking at the best pictures on the front
available at the present time.

It is naturally of great interest whether there
is any consistent diffecrence between the general type of
surface that the fronthas as compared with the back, and if
any photographs of this sort showed any consistent difference
between front and back then of course one would have to
think again, or indeed if it showed any features which are
different in type from any features that occur on the front.

The definition of these¢ pictures is not enough to
make any case for a substantial general difference between
front and back. Cn the whole it lcoks really rather a lot
alike.

That is of course not
not very valuable. But for the
surface into the way it now is,
very high definition pictures.
a first step in that direction,
first pictures of the back.

o sav that the pictures are
study of what shaped the

yne is chiefly desirous of
regard these pictures as
juite apart from being the

B4 2 ==

No T I al

No doubt similar techniques will be used one day
to get much higher definition pidtures also than we can
ever get from the surface of the learth. Such very high
definition pictures will of course go a long way toward
establishing which type of interpretation of the lunar
features is correct.

QUESTION: Some commentators on that picture that
the Russians took seemed to think that the back side of the
moon was perhaps a little smoother than the front side of
the moon,. where we had been lead to understand, some of us
had at any rate, that if anything the front side of the moon
ought to be smoother than the back because of the protection
afforded to it by the earth.




DR, GOLD:
is awfully littie.
another,

The protect
It is quite

We wouldn't expect any
other hand we have to say that o
eratic distribution of the mare
of the front surface in a very h

If one just ccnsiders
major mare areas, then of course
the back will be substantially d
good statistics. So you wouldn'
have a similar amount of area of
fact the suggestion is that ther
less mare area on the back.

QUESTION:
Philadelphia suggested that.

QUESTION:

DR, UREY:
agree with it in
I am sorry we do
Mare Imbrium was
that part of the
east part of the
deal
collision in Mare Imbrium,

I read Levit

mnoon,

If one took
the moon,
that the front and back sides of
terribly different.

And surely if we removd
other big mare that you see there
quite sure that one would find th
similar.

You see, if just two ch
surface of the moon make this dif
I would expect the same collision
side to a first approximation, bu
prised if thcy are not the same,
understandable that the two hemis
different in appcarance.

Levitt sugge
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on afforded by the earth
egligible one way or

big difference. On the

the front we have an
hich cover a large part
phazard way.

he statistics of the six
it is very probable that
fferent. Six is not very
expect that it would just
mare and highlands. In
is more highland area and

The man at Fels Planetarium at

sted that.

t's book on that and 1

a certain way and disagree in another way.
not have the other half of the moon
an enormeus collision that occurred on

Then if you study the mare on the
moon I think you must conclude that a great
of the smooth area is intimately related to this

here.

Mare Imbrium off the front side of
just this one collision,

I think we would find
the moon would not be

d Mare Imbrium and the
, Mare Serenitatis, I am
at the two sides are very

ance collisions with the
ference, one would say this:
s on the back as on this
t I am not terribly sur-

In this case it is entirely
pheres should be quite
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Levitt said this.
astronomically improbable that-
the back side. That is the onl
with. I would say that it was
be on the back side, but not su
eratically distributed.

QUESTION: He also sa
produced by I think a very flui
up by the impact of these huge
to that theory, Dr. Urey?

DR. UREY: This is an
for a long time. I shall talk
of D. K. Gilbert, who discussed
a century ago. I can, in study
of the moon that look to me as
lava flow. Then I can look at
very good reasons why I think t
at these places.

There are arguments b
inclined to the view that Dr. G
that much of the smooth area of
finely divided material.

DR. GOLD: And I have
and I think we are essentially
somewhat different views about

He has felt that the
the moon were to a large degree
have thought that the broken up
moon was largely produced by th
the maria.

That is, while
Gold talks about are
I think this other
And I think

recogn
import
large
this i

Dr.
moon,
importance.
back sides.

If it were only a mat
expect the whole moon to look t
is due to big collisions, then
as Dr. Gold emphasized in his p
some years ago, this smooth mat
the craters at the south part o
you will see the smooth areas,

25

But he said it was very
these collisions were on
y point I would disagree
probable that they could
rprising if they are

id that these maria were
d lava which was picked
objects. Do you subscribe

idea that has been current
Friday night about the ideas
this subject two-thirds of
ing this, make out regions

though they might be due to

other regions and give you

hat lava flows did not occur

oth ways. I am very much
old has expressed, namely
the moon was once very

argued about this for years
in agreement with respect to
it.

erosion of the high areas of
responsible for the mare.
material possibly on the
e big collisions that produced

I

izing that these things that
ant in the formation of the
effect was also of very great
s shown between the front and

ter of slow erosion, one would
he same everywhere. But if it
pne expects a difference. But
spers when he published them
erial, scattered through all of
f the moon, for example, where
was this all 'due to a hot lava
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that ocozed up inside all these c
and gave this smooth material?
very unreasonable. 1In this way
the idea that all these smooth a
lava.

But I think one must h
it and ask the question: What i
to the two. I am sufficiently d
would like to have samples of th
remarked, if we were completely
before we get there, there is no
as well stay on earth and be hap
worry about the maria any more.

There are many things
investigated and we have been di
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raters and between them
As he said,
he weened me away from
r«

it looks

eas are the result of

ve to be objective about
the evidence in regard

ubtful about it that I
moon. And as I often

ure what the moon is like
use to go. You might just

y with our ideas and not

ike this that need to be
cussing, yesterday, many

things that might be done in spa¢e exploration that would

tighten up our ideas about this

nd show us that indeed the

material is one thing or the otheér, or a mixture of both,

and to what extent it

QUESTION:
are sure of?

DR. UREY:
h

S

There are ma

As often remarked aboat

moon.

has these o®n the surface of the moon.

What do we know about the moon that we

ny things known about the
it, like all other

scientific things we know, we have certain lines of evidence.

If we wish to take any pleasure i

n the matter we must listen

and understand the lines of evidence.

Is there such a thing 4
are certain lines of evidence. I
lines of evidence you find that i

s an electron? All we have
f you will follow these
t is very convenient to

suppose that there is an electron and we all talk about it

as though we were completely a hu
exists, and I for one am.

DR. JASTROVW:
semantics we would use.
sure of.

She mean

DR. GOLD:
see these pictures and we know th

We are reasonably sure of this:

ndred percent sure that it

You interjpreted the question in the

t what are we reasonably

We

shapes of the craters, the

heights of the rim, we know the darkness and lightness and

color of the surface, we know thaft

remarkably colorless compared wit
know that it is generally rather

terrestrial material, we
ark.

it is particularly colorless,
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QUESTION: Wbhat color is 1it?

DR. GOLD: Dark gray mostly.

DR, JASTROVW: Black, essentially.

DR. GOLD: Dark gray or black.

a very low reflectivity.
s only ten per cent of the
nk of rock in front of you
ack in this room, don't

DR, JASTROW: 1It is
That is the point. It reflec
light on it. If you had a ch
from the moon it would look b
you agree?

DR. GOLD: Yes.
erial looks lighter gray aud

Mostly. The ray ma
the others darker gray.

were standing inside one of
ight parits would be fairly
r sweater more or less, but
black., If vou had artificial
o the sun as a searchlight,
coal. Quite dark,

DR, JASTROW: 1If yo
those craters of course the b
bright, like a beige, like yo
the dark parts would be pitch
illumination, not as intense
the parts would show like dul

hing we know about the suriace,
eed covered with finely divided
skin of finely divided muterial
rstand the temperature changes
1ts night and dav, For ozanpio

DR, UREY: Another
for example., is that it is in
material., at least a very thi
must be there in order to und
in the moon as it goes throug
w2 know that, -

What is there beneath this very thian layer on the
surface? That we do not know.

QUESTION: How thin

DR, UREY: About tw
of an inch.

millimeters. 4bout an eighth

DR. GOLD: That is the minimum that has to be thore.
That is saying nothing about whether it is going on the samo
to a great depth.

DR, JASTROW: Ve alsp kunow -- and parhaps this is
something you would be interesfted in -- we are almost sure it
never had life on it. Now it is quite lifeless. Ve are guite
sure in early times it had no life either beczuse it is too
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small and light to hold an atmos
know it.

28 .

phere, no life as we

QUESTION: While we are on the business of

life, yesterday Dr. John Strom reported that the
instruments in the Malcolm Ross-Charles Moore balloon

disclosed the existence of water vapor in the planet

Venus,

DR. UREY: Very interesting indeed. It has

been proposed by various people
might be the case.

I pefsonally am not te

DR, JASTROW: You shol

for some years that this

rribly surprised.

1d be in the light of

some of the things you have published.

DR. UREY: What do yo

DR, JASTROW: Aren't
prlanet?

. DR, UREY: You will fi
in the Handbuch der Physik, Vol
idea, on the atmosphere of the
Menzel's and Whipple's idea of
clouds, was perhaps the most pr
phenomena.

DR. GOLD: One had se
Venus. The question was whethe
necessarily very imperfect mean
vapor by looking through our ow
whole depth of it, was wmerely t
sufficiently sharp so that ther
vapor above the top of the clou
with terrestrial clouds.

The clouds could be w
thing that the previous measure
that above them there was not v
this measurement, if correct no
the clouds themselves are water

QUESTION: Then you w
with Dr. Opik, who feels that t
Venus.

say?

ou an advocate of the dry

nd in the article I wrote,

me 51, Menzel's aund Whipple's
lanets, that I said that
ater, of oceans beneath the
bable explanation of the

n the tdp of the clouds on
the absence in the
of distinguishing water
atmosphere, through the

at the cloud top was
was very little water

, as indeed can be the case

ter vapor, and the only

ients had indicated was

ry much water vapor. In
, would suggest that perhaps
vapor. '

uld disagree, Dr. Urey,
ere is no water at all on
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DR. JASTROW: He hadn!t read today's paper yet.

DR, UREY: 1If I had not been supplied with this
information I would have said that the evidence is uncertain,
that water is a possibility below the clouds is certainly

a possibility, and so forth,

g characteristic of the

y are colored just in the
ible. I thiunk this probably
aterial in this atmosphere

There is an interesti
clouds of Venus, namely that th
ultraviolet, just beyond the vi
means that there is some dirty
as one might expect in the absence of oxygen. If oxygen
disappeared from the earth I think the atmosphere of the
earth would immediately acquire!a great many carbon compounds
of the type we find in petroleum or that are given out by
plants and things like that.

I rather thiunk this indicates that that sort of

thing is present in the atmosphe

QUESTICON: What does t
or impossibility of life on Venu

DR, UREY: I should sa
not possible to expect life on a

re of Venus.,

his do to the possibility
s?

y that without water it is
planet, 1 believe it could

not evolve, All life as we know it lives in water, liquid
water atmosphere. The fact that they have defected water
in the high atmosphere of Venus would indicate that it is
possible that there are oceans below the clouds, and if
there is liquid water I myself would think that the odds
were strongly in favor that life would exist beneath the
clouds.

DR, GOLD: There is the other problem that the
radio measurements of the surface temperature of Venus,
radio measurements referring to below the cloud level,
radio waves penetrating the cloud level can nevertheless
measure the temperature, that those measurements come up with

temperatures that are rather too| high,
DR, UREY: That is right.
DR, GOLD: It could be that they are at fault,
DR. UREY: That is right.
DR, GOLD: But they would indicate temperatures

of something like at any rate in excess of a hundred degrees
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centigrade, something like two hundred degrees ceutigrade
which would be much too hot for any form of life as we

know it.

QUESTION: Much too hot /for liquid water also.

DR. GOLD: At our pressure. But of course we
do not know the depth of the atmosphere of Venus.

DR. UREY: In addition to that I think the
probability of life living at such temperatures is
rather low and the reason for it is this: Life counsists
of some very mild chemical reactians that take place in
a very complicated way.

If you raise the temperatures to two hundred
degrees, chemical reactions involving the element carbon
all bécome very rapid and very destructive of carbon com-
pounds.

: So that I think that this complicated set of
chemical reactions of great complexity would be most
difficult to maintain. I think f this reason I would
be doubtful of life if the temperatures are so high as
Dr. Gold mentioned.

MR. ROSEN: Are we agreeable that 530 might be
a breaking point?

QUESTION: Could I ask a question back on the
Russian moon pictures? From what you could see you indicated
that they weren't clear envough to see much, or to give you
much information. But from what you could see did it have
the same type of craters?

DR, GOLD: Let me first make quite clear that I
greatly admired their feat, and I am interested in what

they show. It is only the specifir question can I show more
about the derivation of the surface.

' QUESTION; The question is, from what you could see,
from what evidence there was, did you have the general im-
pression that there were craters such as this?
DR. GOLD: Oh, yes,
QUESTION: Was that at least clear enough?

DR, GOLD: Yes. It looks in principle very much
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like this if you took this kind of
amplitude,
seas, but that is as fully expecte

and intensity graduation on it,
d.
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picture for definition,
Rather fewer
Rather fewer seas

and a high proportion of highlands but with much of the

highlands,

highland crater structure probably looking

much like this, but not sufficiently well resolved in

intensity to show the slight gradu

tion of intensity

needed in order to discover the presence of the craters.

There are plenty of craters visible.

I have

actually seen the pictures better than those which
appeared in the press, some which were flown over from

Moscow.

They show perhaps in one

respect a feature which

at first glance might have been thought of as different

from anything that the front has,
bright fairly straight long thing.

namely they show one

That thing has been

interpreted in the first quick interpretation by the

Russians as a mountain range.

And if it were as long a
range, then it would be quite diff¢
is on the front of the moon. Inde¢
suggestive of internal origin, whe:
nothing that is of internal upheav

On the other hand, I now
what I believe to be the best compt
Russians have devised out of the s¢
they took, and on that I feel if I
just as entitled to make by judgme!
a mountain range as anybody else.

To me it does not look 1i
looks much more like a very strong
as the rays from Tico, but a very 1t

nd straight a mountain
erent from anything that
pd it would be very

eas on the front we see
1 origin,

feel that I have seen

psite picture that the
bveral pictures that

look at that that I am

nt as to whether that is

ike a mountain range. It
ray of the same nature

»old bright one drawn for

a major part across but fairly close to the edge of one of

the seas on the back.

QUESTION:

I have one oth
that we were attempting our first n

ler point, At the time
poon shot in August of

1958, there was some talk about the danger of contaminating

the moon from the point of view of
DR, JASTROW: Biologic?

QUESTION:

Biologic conta

further exploration.

mination. Did you people
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discuss this at all, and how do you feel about it?

important or trivial?

DR. JASTROW:
discussed extensively,

It is not

32

Is it

trivial. It has been

The consenus of informed biological

and physical opinion is I think that this danger is most
remote on the moon, which is surely a very sterile, lifeless

object. For the planets, that is
question still to be considered.

QUESTION: Dr. Jastrow,
were several discussions and indee
conference. Could you give us an

DR. JASTROW: Let me fin
be on the safe side, we are taking
contamination.

QUESTION: I have anothe

Russian pictures before we get off.

How many pictures have
seen? The press has only seen on

. DR. JASTROW:
Meeting.

QUESTION:

DR. JASTROW: They poole

QUESTION: Are they all

DR, JASTROW: I can't re
Harrison Brown wears two hats. He
moon. He also has a prominent pos
research in the academy. I can't
he is interested in the back side
the oceans.

DR. BROWN:

:

I saw several at the Rocket Society
That is the best that I ican tell you.

another story. That is a

you mentioned that there
d arguments during the
example of that?

ish this first. Still,
precautions against

to

r question about the

eople in this country
and Life had two.

I got two from the Russian Embassy..

d them all together,
pssentially the same?

5ist commenting.

is interested in the
Ltion in oceanographic
help but ask him whether
pf the moon as well as

They are both important.




cl

QUESTION: I would liks
there is on these radio determing
Venus. Dr. Urey said if it is asg
life is improbable.

DR. UREY: One of the g
nize about a scientific subject t
that one can only suspend judgmen
certain times. If we take the me
be, the surface of Venus appears
even the authors of this work, as
about it, are a little reserved a2
And we are hoping that more measu
attempts to understand this will
some other interpretation. So it
Jjudgment .

DR. JASTROW: Dr. Urey
way -- I think it is his original
which indicates that Venus is eit
dry, or entirely wet. I thought
theory. But the presence of wate
combined with Harold's argument,
one vast ocean teeming with count
conditions are favorable except f
observation on the radio temperat

QUESTION: Why do you n
out one way or another?

DR. UREY:
reacts with the rocks on the Eart
sand. This reaction is taking pl
chemical thermodynamics we can ca
pressure of carbon dioxide in the

much will be absorbed before it s

The calculations are not

Let me put if
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to ask how much doubt
tions of the temperature of
hot as it seems to be,

hings that one must recog-
hat is under development is
t about certain things at
asurements as they seem to
to be hot. But I believe
well as all of us, who read
bout accepting it as final.
rements will be made and more
be made which may lead to
is simply a suspended

is the originator, by the
idea -- of an argument

her entirely arid, entirely
he favored the dry planet

r vapor in the atmosphere,
suggests that Venus may be
less monsters, because the
pr this in any case isolated
ure.

ecessarily want to go all

-
v

this way. Carbon dioxide
h to produce limestone and
ace all the time. From our
Lculate what the equilibrium
atmosphere would be, how
LOpS.

very accurate. But they

indicate that the pressure of carbon dioxide could be con-
siderably less in the present atmosphere of the Earth than

is observed.

This occurs on the Earth because water runs down

the mountain sides.

It contains ¢

carbon dioxide and the

carbon dioxide has an excellent chance to react with the
rocky materials and produce calcium carbonate and silicate

dioxide -- limestone and sand.
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Suppose it were comple
couldn't take rapidly at all. I
of the dry rocks to a slight ext
is another way you can stop it.
planet with water and again ther
dioxide to get into the solid ma

There is another expla
that the carbon dioxide has alre
face rocks of Venus and there is
dioxide left over, with nothing
meet this in a variety of ways.
be dry.

Then Menzel and Whippl
could be completely covered with
are other possibilities.

DR. JASTROW: The back
huge amount of carbon dioxide in
It is the one thing we have disc
Harold's argument is based on th

DR. BROWN: It should
atmosphere composed entirely of
entirely differently from our o
dioxide radiates quite efficient
you have really a very complicat
light coming in, becoming degrad
-sort of in a greenhouse. That i
But the extent to which the carb
kind of circulation pattern in t
determine how rapidly it can coo

QUESTION: Can we, by
of radiation balance in that sen

DR. UREY: My colleagu

. fornia was so thoughtless as to
La Jolla. Dr,. Mintz has been n
very subject. He will purlish
are immense calculations that h
know enough about it to fix the
liably. Such attempts are being

DR. BROWN: One more t
about the Venusian atmosphere.
perhaps suggestive,

aking calculations on that
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tely dry. Then the reaction

t would proceed in the surface

ent and then all stop. There
You can cover the whole

€ is no way for the carbon
terials and react effectively.

nation of this. It may be
ady reacted with all the sur-
still a supply of carbon
to react with. So you can

I originally said it must

e came along and said it
ocean, and I agreed. These

ground is that there is a
the atmosphere of Venus,
overed up to this time.
at observation.

be pointed out also that an
carbon dioxide would behave

Jn atmosphere. Carbon

ly in the infra red, so

ed problem. You have visible
ed, getting trapped in there,

n itself would make it hot.

on dioxide creates a particular
he Venusian atmosphere will

1 off.

observing Venus, do any kind
se?

e at the University of Cali-
be at Los Angeles instead of

paper before long. There
ve to be made. We do not
fundamental conditions re-
made.,

hing should be pointed out
This is very tempting and
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If we were to take all
the Earth in the form of limesto
all the carbon dioxide into the
something like ten atmospheres o
be very similar to the Venusian
to suspect that perhaps there ar
stone to be found on Venus., If
mean that although there might b
not be life with bones and suppo

QUESTION: Jellyfish?
DR. BROWN: Jellyfish.
QUESTION: Could these

from radio telescope observation
etfects similar to that on Jupit

DR, JASTROW: I think
and so forth that occur on Jupit
radio noise. I think that is th

QUESTION: If you were
try to get measurements of the E
effect would you say the ionosph
measurements? Could that be pos

DR. JASTROW: I don't
affect you very much. It would
you would use. I think this is
of the radio measurements of Ven
one has to reserve judgment on t
the surface temperatures. But i

QUESTION: 1In other wo
in the atmosphere those measurem

' DR. JASTROW: It is po
to the uncertainty. I think one

QUESTION: What are so
were deduced for Venus before ra

DR. JASTROW: They var
on the wavelength. 1Is that righ
siderable variation, a couple of

DR, UREY: Yes.

35

the calcium carbonate on
e and heat it up, and put

tmosphere, we would have
carbon dioxide. It would
tmosphere. This leads one

no major deposits of lime-
hat is true, then it would
life there, there might
ting structures.

high temperature indications
be due to synchrotron
r?

ot. With the violent storms
r, Venus is not a source of
answer.

to stand off from Earth and
rth's temperature, what

re would have on your

ible?

hink the ionosphere would

epend on the wavelength

he answer to the question

s' temperature. I believe

e interpretation of those,
is interesting.

ds, you don't know how deep
nts relate?

sible that that contributes
should reserve judgment.

e of the temperatures that
io telescopes made theirs?

all over the lot, depending
, Harold? There is a con-
hundred degrees.
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QUESTION: From what

DR, JASTROW:
hundred degrees.

DR. UREY:
from infra red measurements at
about 235 degrees absolute.
Centigrade. And that is about

I can't

The temperature of Venus,

to what?

remember, They vary by several

as determined
Mount Wilson, ran, as I recall,

That would be minus forty degrees

minus forty degrees Fahrenheit.

This was the observed temperature from the infra red.

In the second place,
McDonald studied certain bands

Dr. Chamberlin and Dr. Kuiper
of carbon dioxide in the

~atmosphere and they got somewhat above the freezing point

of water, about ten degrees Centigrade.
they are measuring different layers in the

are correct,

atmosphere. Do you see?

If the measurements

Then if you are going to understand it, we must

try to construct an atmosphere

temperature which can be accoun

observations and theory. This

at all.

that has different levels of
ted for on the basis of the
has not been done satisfactorily

MR. ROSEN: It is nov 5:31, gentlemen.

DR. UREY:
born teachers.

MR. ROSEN: If you hg
I leave it up to the press.
DR. JASTROW: 1 thinK
QUESTION: Milt Rosern
forth the theory a short time 3
manned lunar probe was advisabl
have said here about the things
to support this theory. Vould

MR. ROSEN: As long 3

DR. UREY: I don't krn
, DR. JASTROW: We don
comment that a great deal can t
of events with regard to the di
the moon, and with regard to t
back., It is certain that much

We are hay

ing a good time, We are just
lve no objections to staying on,

 we can do it informally.

} -- not Herb Rosen -- put

lgo that he felt that an early
le.. From what you gentleman

3 to be learned, this would seem
you comment on that?

ts we avoid dates,

iow any dates.

t know any dates and we should

e learned in the natural course
1fficulties of bringing a man to-

e fact that he must' be brought
of what we wish to know will
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be learned by remote control through unmanned instrumentation

before we have a planned landi

QUESTION:
which shocked me, I guess you
we knew the answers to all the
and forget about it.

DR. UREY: Surely.
QUESTION: I was undg

some objective in reaching thg
about it.

DR, UREY: I myself
of exploration. I was thrill
Pole and the North Pole. I w
Mt,., Everest. I was immensely
instruments of the USSR to th
us an approximate picture of
life besides science. I enjo

QUESTION: Then to
isn't there a real objective
from finding out if there is

DR. UREY: Not from
at all., Let me put it this w
are interested in understandi
practical things.

DR, JASTROW: I wou

DR, UREY: Let me f
interested in understanding.
work we found that the side p
turned out to be immensely us

Discovering heavy h
I thought it would never be u
chemical plants in the United
may turn out to be the most i
discovered. I am very much p
But it wasn't my primary inte

And so when we are
not wondering about whether w
the moon. We are trying to u

ing.

Dr. Urey, you said a while ago something

) didn't mean it. You said if
»se questions we could sit home

ler the impression that there was
» moon, other than simply learning

am immensely thrilled by a feat
d when somebody got to the South
uld like to see somebody climb
thrilled by the flight of the
back side of the moon, sending
t. There are many things in
all of these things.

o a little further than that,
n getting to the moon, aside
ife on the moon?

the scientific point of view
y: Scientists, by and large,
g the universe; Not in doing

dn't go so far as -~

nish the statement. Ve are

As we pursued our scientific
oducts of our scientific work
ful. 1 have an example of that.

drogen some 25 to 30 years ago,
eful at all. One of the biggest
States makes heavy water., It
portant fuel that man has ever
eased that this is the case.
est.

alking about this we are really
are going to put colonies on
derstand the moon. If that it
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turns out to be a good place for
us very much and we may go along
This is what I mean by it.

Our primary concern as
stand this universe. I am much m
of the solar system, the origin o
history of the moon, and from it
and what the planets may be like,
in making a trip somewhere., That

DR. JASTROW: We have s
related to the origin of the sola
on what we know at this time. Bu
the moon is something akin to Col
Spain. He thought he was looking
thing quite different. Harold ha
as I have ever heard it, that we
the things we will find. We can'’

QUESTION: I would like
rather dig a mole hole than send
moon?

DR, BROWN: Which would
QUESTION: Yes.

DR. BROWN:

QUESTION: Doctor,

DR. UREY: If I may make

38

ummer resorts, it pleases
nd pay it a visit some day.

cientists is to try to under-
re interested in the origin

the elements, and the past
he past history of the Earth
and these things, than I am
is what I want to say.

me specific objectives
system. They are based
really the exploration of

mbus's setting forth from
for India. He found some-
said in as beautiful a way
on't know the importance of
possibly know.

to ask Dr. Brown if he would
11 these instruments to the

I rather do?

I would rather go to the moon any day.

you sounded a little jealous.

a remark on that, there is

no reason to make a decision as to which we do.

DR. BROWN: No.

QUESTION: Dr. Jastrow,
last Thursday, I wonder if there

What we

individually would rather do.

in view of what happened
is any particular significance

to the fact that the subject of lunar exploration has been put

in the hands of the Theoretical D

DR. JASTROW: No, it ha
in lunar research because of its
general importance, and we arrang
or ten weeks ago. I actually do

ivision?

sn't been., We are interested
importance in cosmology and its
ed this conference some eight
not know enough about our
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schedules to have been aware t
the shot that was attempted.

in this area. It is one of se
are interested in. The others
properties, geophysics, upper

39

hat it followed so closely on

We intend to continue our interest
veral branches that we as theorists
are astrophysics,
atmosphere physics, et cetera.

planetary

QUESTION: Will we also have symposia and press

conferences on those subjects

Mhen they take place?

DR. JASTROW: That is up to Mr. Rosen and you,

if you people are interested i

MR. ROSEN: Are you?

QUESTION: Yes, I wo

MR. ROSEN: We will

(Thereupon, at 5:36
was concluded.)

n this sort of thing.

uld be.

see if it can be arranged.

the press conference



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

WASHINGTON 13, D.¢,

NASA RELEASE NO, 59-261 December 2, 1959
DU 2-6325

NOTE TO EDITORS: |
N Attached is a release describing NASA's Project Echo --

an experiment designed to launch into| orbit early next spring

a 100-foot inflatable sphere for use as a passive comﬁuﬁications
satellite, )

This release 1s an exdeption to

long-standing policy of
not‘publioiy announcing space experiments until they have been
performed -- whether successfully or hot,

Scientists in the communications field who could make
constructive use of oxpyriments involving the sphere must have
noticéfsufriciently in advance to make necessary technical
preparations,

Therefore, we are making this exception because of the
1nteﬁse interest expressed by the sclentific community for
volunteer participation by others t those who will partic-
ipate on a contractual basis,

. The news media, in addition to the normal technical channels,
can help us inform the scientific communities here and abroad

of some of the pertinentcdetalls of this experiment.

Walter T. Bonney
Director
Office of Public¢c Information




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON 25, D.C.

FACT SHEET

December 4, 1959

For Release: When capsule on board recovery ship
LITTLE JOE CAPSULE RECOVERED

, 5o
The Little Joe capsule launched at n'w moday by the

National Aeronautics .an ‘Space Administration from Wallops Station,
Virginia, was recovered at "‘“ Pells by the Ussm ‘Wi

Scientists will analyze data recorded on-board to determine

the operation of the Project Mercury pilot escape mechanism at
high altitude.
The rhesus monkey carried on board to obtain measurements of
the bilological response to space flight has been removed from the
capsule and survived the flight. It will be taken to the School

of Aviation Medicine at Brooks AFB, Texas, for post-~-flight analysis.




NATIONAL AERONAUTICS AND

WASHINGTON 2

NASA RELEASE NO. 59-261
DU 2-6325

NASA TO LAUNCH 10

Plans to launch a 100-foot-diamet
orbit as a communications experiment w

the National Aeronautics and Space Adm

SPACE ADMINISTRATION

5. D.C.

For Release:
Monday, a.m.
December 7,

1959

O-FOOT SPHERE

er infliatable sphere into
ere announced today by

inistration.

Known as Project Echo, the experiment calls for the launch

of an aluminum-coated sphere into a 10
orbit early in the spring of 1960. Th
northeasterly direction from Atlantic
inclination of about 50 degrees to the

The objective of the experiment 1
of a passive reflector communications
The vapor-deposited aluminum skin of ¢
give 1t a high degree of radio wave re
100-foot sphere is placed into orbit,
two-way radio communications between t
of the United States by bouncing signa

Once in orbit, the satellite will
located between 50 degrees north latilf
latitude. Its orbital period will be

expected to pass over every portion of

00-mile-altitude earth

e launch is to be in a
Missile Range with an
equator,

s to test the feasibility
system on a global basis.
he big satellite will
flectivity. After the
NASA hopes to establish
he East and West Coasts
1s off the sphere.

pass over all countries
ude and 50 degrees south
about 120 minutes. It is

the Unlited States except




Alaska, enabling many independent researchers in the commu-

nications field to make use of the lange sphere for propagation

experiments, The maximum time of mutual visibllity between the

East and West Coasts for any one pass will be about 16 minutes.

The launch next spring will be the first 6f three Project

Echo satellites. Each will be a 100-floot reflecting sphere

developed at NASA's Langley Research Center, Virginia. The
satellite will be an inflatable structure of .0005-inch-thick
Mylar plastic coated with vapor-deposited aluminum to provide

radio wave reflectivity of at least 98 percent up to frequencies

of 4,000 megacycles per second. The sphere will weigh about
150 pounds. It will be as bright as zero magnitude star --
about as bright as Vega.

The payload package will be carried into orbit by a Delta

launch vehlcle,

At launch, the sphere is folded inside a 28-inch diameter

container. About four pounds of water in a plastic bag is

carried inside the sphere., At injéct on, the payload container

opens by explosive bolts and the sphere begins inflation with

the residual air inside the satellite Inflation 1is completed

as water in the plastic bag turns to vapor and expands.
The two major facilities involved in the experiment will

" be NASA/Uet Propulsion Laboratory's Goldstone Tracking station

in California and a Bell Telephone Laboratory station at Holmdel,

New Jersey.

Goldstone will transmit a 2390 me/s signal for interception

at Holmdel. The Bell antenna will transmit a 960 mc/s signal



to be picked up by Goldstone,

Project Echo is NASA's first step in a long range inves-
tigation of the application of artificial earth satellites to
global communications. Such satellites may one day be used
as relay stations for transmission of signals, voice, and

television.

END
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National Aeronautics 4

befq
Institute of

Pasadena,

Mr, Chairman, Distinguished Gu
of the World Affairs Council:

It is an honor to speak from {
am particularly grateful for the op
members of this distinguished audie
our natiocnal space program. As cit
of the problems and promises that ¢
the field of space exploration. As
the World Affairs Council, you will
in the possibilities for useful and
cooperation that reside in this new
activity.

As one of my colleagues has pu
the vast

distances of the solar sys

the sun; 26 million miles to Venus,

Calif,

ind Space Administration

yre the

World Affairs

December 7, 1959

2

ests, Members and Friends
his platform tonight. I
portunity to bring to the
nce a brief discussion of
izens, you should be aware
hallenge the natlion in
members and friends of

be interested, 1 am sure,

effective international

area of scientific

t it--"When one considers
tem --- 93 million miles to
the nearest planet; 3,680




million miles to Pluto --- and whe
to be solved and the new knowledge

every branch of science and techno

2 -

n one catalogs the problems
that is needed in almost

logy from magnetohydrodynamlcs

to cosmology, from materials to bilology and psychology, the

magnitude of the task before us becomes apparent.

task that challenges the peoples o

It is a

f the earth as a whole.

GThere is room for cooperation of men of many skills and of

nations, large and small".

In this context of viewing sp

ace research as an instru-

ment for the development of meaningful cooperation between

nations, let me first describe the
I will then tell you what I know o
Union. Finally, I shall discuss t
national cooperation is beginning

I shall borrow liberally from repo

program of the United States.
f the program of the Soviet

he manner in which inter-

Lo develop. In doing this,

rts and papers presented

at international meetings which have been held in the last

several months.

The interest of man in outer

space began long ago among

uncivilized peoples to whom the face of the sky was clock and

almanac; the celestial bodies,

was at first by visual observation

objects of worship.

Exploration

3 later aided by armillary

spheres and quadrants, and still later by more precise measuring

instruments, telescopes, and spectroscopes.

The information

obtained was that borne by the light that was transmitted from

the distant celestial object through the atmosphere to the

Observing instrument on the ground

4 In recent years the light

waves have been supplemented by radio waves as carriers of in-

formation from the stars and planet

S,




Men of many nations have conf
to the exploration of space by the
history of advances in astronomics
includes the records of Chinese, ]
and of nearly every nation of the
cooperation was early recognized
the countless number of the stars
present mankind with a truly globg

The picture of the universe (
early stirred the imagination of men to speculate about the
existence of 1life elsewhere in the
communlication with distant stars,
about the posslibility of the trave
planets. Some sought to apply thd
of thelir day to describe the vehiq
example, Jules Verne published in
to the Moon" a description of a gu
carrying passengers to orbit the n
the fi.-st steps to bring this insy
The exploration of space by unmann
scilentific apparatus began on 0Octq

by man will follow in due course.

Now that date--October 4, 195

mark the successful launching of 3
around the earth by the Soviet Uni

to its feet in a sort of bewilderﬂent.

about? Our leadership in science

for applying new knowledge gained

3 -

cributed through the centuries
¢ methods of astronomy. The
1l knowledge and technique

Babylonians,

Greeks, Arabians,

modern world. International
as essential and beneficial;
and the vastness of space

2l task.

bbtained by the astronomers

> universe, about means of
and in the last centuries
21 of man to the moon and
b science and engineering
rtles to be used. For
1865 in "From the Earth
m-launched projectile
poon, Today we have taken
vired vision to reality.

red vehicles carrying

vber 4, 1957; exploration

37-~did something more than

. satellite into an orbit
on. It brought this nation
How had this come

and technology, our genlus

through research to the
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solution of the problems of mankinda-

and in a most dramatic way.

began to give way to a sober realizs

was more than a scientific activity

determined and able competitor,

for propaganda and a symbol of inter

Initial

o

it w

.-these were being challenged--
reactions of skepticism

ition that space research

In the hands of a

ras a mighty instrument

rmational prestige.

In mid-1958, the National Aeronautics and Space Act

was signed into law and the National

Administration was established.

declaration of
"The )

policy of
should be

benefit of all mankind".

The

policy and purpose wh

It al

Aeronautics and Space
Act begins with a

1ich reads thusly:

Congress hereby declares that it is the
the United States that activities in space

devoted to peaceful purposes for the

so declares that

"The aeronautical and space activities of the

United States
materially to
by the United

of nations in

the peaceful application of the

shall be conductgd so as to contribute
(among other objgctives) cooperation
States with other nations and groups

work done pursuant to this Act and in

results thereof."

I think I will not take the time tonight to describe

the growth of NASA to you.
large research centers,

California.

We do have in operation several

three of which are located in

One of these is well known to this audience--

the Jet Propulsion Laboratory operated by Cal Tech under

contract to NASA,

The Congress being willing, we will add

to our research center roster in mid-March the Huntsville,

Alabama group under the direction of]

Dr. Wernher von Braun.
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By June 30, 1960, we will employ more than 15,000 people

in the government-operated centers alone.

The Jet Propulsion

Laboratory complement of able people adds another 2400

to that total. Our budget
and this year the Congress
use. We are in the middle

1961 fiscal year and I can say only

last year totalled 335 million
appropriated 501 million for our

of budgetary discussions for the

that our resources

fdr the next fiscal year will be larger by a significant

amount.

Now as to our program--and here I must compress a two

hour discussion into a five minute summary--let me say that

it includes research in most of the
sciences and in certain of the area
One of the principal objectives of

is the study of the space environme

areas of the physical
5 of the 1life sciences.
current space activity

nt by the undertaking

of scientific experiments usins sounding rockets, man-made

earth satellites, man-made planets
In the United States, we have used
and a shorthand expression for expe
chemistry, blo-science, astronomy,
geophysics.
employ instruments transported into

and outer space.

and deep space probes.
the term "space science"
riments in physics,

astro-physics and

All of these space science experiments will

the upper atmosphere

The NASA objectives include the investigation of the

uses of earth satellites to perform
effectively some tasks which are no

other means and to perform other ta

more efficiently and
w carried out by the

sks which cannot be done




at all with present means. The applications which seem most

nromising at present are those directed toward weather
obscervation, analysis, and lforecasting on a global scale;
the improvement of long distance radio communication; the
study of the size and shape of the earth and of the dis-
tribution of land masses and water; and all-weather global
navigateon, It is believed that such applications brought
to succossful fruition will improve the well being of
mankind everywhere.

NASA program objectives, presumably like those of
other countries, include, toc, the orderly development

of means for the manned exploration of space. En route

to the long-range objective of me~nned explorati.n of the
solar system are the temporary becilistic flights of man
into space and return (already accomplished with animals),
manned flight for one or a few circuits in the simplest
vehicle in an orbit well below the level of the Great
Radiation Belt, manned flight in advanced maneuverable
vehicles, in larger satellites carrying several men, in
permanent manned orbiting space labgratories, manned
flight to the vicinity of the moon and return to earth,
and manned la° ling on the moon and return.
NASA's present project in this | field, Project Mercury,
has been repeatedly described in the international public
and technical press. Its successful completion requires
the cooperation of several countries in permitting the
installation and assisting in the operation of portable

tracking radars, communication statlions, and telemetry
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recelving stations at suitable poin

course, Negotiations currently und

cooperation will be forthcomlng ger

Even the first steps in the ma
are very expensive as may be inferr
estimated cost of Project Mercur—~ o
The resources required for the adva
mentioned may well demand a world-w
Thus this actilvity may serve to giv
man's response to the challenge to
the new frontier of o r day.

In order that the programs jus
carried out at an ever-increasing 1
scientific significance, it has bee
vehicles and space propulsion syste
An early task of NASA, then, was th
of rocket and vehicle development i
Department of Defense. Such a prog
the flying of all the desired missi
number of new rockets and new vehic
countries, our present launching ve
from rockets developed in the balli
available smaller rockets.” For the
we so much require for future missi
have been started in the United Sta
is being developed by Dr. von Braun

vehicle--a cluster of eight existin

a capability of about one and one-g

g along the intended
r way promise that this
erously.
ned exploration of space
d t'rom the presently
$250 million or more.
ced missions I have
de collaboration.
a true measure of

iscover and explore

discussed can be
vel of complexity and
obvious that launching
s must be provided.
planning of a program
cooperation with the
am must provide for
ns with a minimum
es. As in other
icles are assembled
tic missile program and
increased thrust that
n, two new developments
es, The first of these
and his people--the Saturn

rocket engines to give

arter million pounds



of thrust. The second is a singl
one and one-half million pounds t
the Rocketdyne Division of North
expected that this engine can be
million pounds thrust or more.
In addition to these first s
several
cluding

rockets are under development by

the general application of nuclea

power in space vehicles.

Of particular interest to &h

launching vehicle system under de

known as the Scout,

satellite launching vehicle that

pounds into an orbit 300 miles ab
It will be more economical than e

fully it will cost no more than $

expect to use this vehicle,

in early international cooperativ
Now there is no point in lau
experiment toward the moon or the

means of tracking the space exper

it the information collected by t
aloft. Thus we have had to bulld
data acquisition stationé that to
globe. Fortunately, we inherited

activities carried on under the 1

upper stage rockets are u

some using high energy fu

This is a fo

if it

8 -

e chamber rocket engine of
hrust under development by
American Aviation. It is
clustered to give six
tage booster rockets,
nder development in-
els. In addition, nuclear
the AEC and NASA along with

r energy for auxiliary

er countries may be the
velopment by NASA and
ur-stage, solid-propellant
will carry 150 to 200

ove the earth's surface.
xisting vehicles; hope-
600,000 per firing. We

s development is a success,
e programs.

nching a satellite or an
planets if we have no
iment and acquiring from
he various sensors carried
a network of tracking and
day covers most of the

some stations from the

nternational Geophysical
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Year program and thus were able to launch a good many useful

experiments during the past year without waiting for the

construction of the stations necessary to complete the net-

work.

Now, what of the Russian program?

of you know more about it than you do of our own.

information given us by a variety

them Russian,

I suspect that most
From

of sources - some of

- 1t appears that they have assigned their

top scientlsts and engineers to this new field. They

possess rockets that are estimated to be twice as powerful

as our largest--the Aftlas intercon

itinental ballistic missile.

They have launched three successful satellites and three

deep space probes.

another landed on the moon and the

One of these now orbits the sun,

third photographed

the far side of the moon as it went into an orbit that

initially linked the moon and the
been said by the Russians about th
ovr failures, as well as our succe
displayed for all the world to see
that their space vehicle system is
suggesting that they have fired it
than any of the variety of systems
to use thus far.

As to scientific results to 4
of knowledgeable scientists that w
better than the Russians. They ha

spectacular technological accompli

earth. Nothing has
eir failures whereas
sses, are prominently
. But 1t does seem
highly reliable,
much more frequently
we have been forced
ate, it is the opinion
e have done as well or

ve been able to couple

shments with useful




.cilentific experiments whereas our more modest technologlical
efforts--because of our lack of reliable launching vehicles
of high thrust--have turned up really significant amounts
of new and important scilentific information.
More important to the Soviet |Union than their scientific

achievements, however, has been the fact that they have been

successiul in making their spectacular space accomplishments
appear to many nations as a valid |measure of their sophis-
tication 1in all branches of science and technology. More

recently, they have been active and successful in creating

the impression that their achlevements in space research
and exploration are a valid measure of the strength of
their communist system as compared to our democratic way
of life. All in all, the Soviet Union has made and is

making hay while the sun shines on their satellites and

lunar probes.

Now let me turn to the matter of international
cooperation as we see it today. ou will recall my
reading that section of the Space Act goveming our
activities that encourages us to develop programs of
international cooperation. An Office of International
Programs was established by NASA in November 1958, Ex-
ploratory talks were conducted with the scientists of other
nations and a pattern for cooperation was established with
the blessing of the scientific community. We are now quite

completely occupled with discussions with a dozen groups




from as many countries interested
with the United States program.
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has established a few fellowships avallable to scientists

of other countries and has provided research opportunities

to a few guest scilentists. Exchange of scientists in addition
to providing training in new techniques may also be used for
substantive participation of senior| scientists in cooperative
programs.

It 1s obviously desirable that national programs in
the space field be coordinated to avoid undesired duplication
and to pr.vide the enhanced increase in knowledge that comes
from coordinated efforts. Thiscoordinationwas well done
under the non-governmental international committee for the
IGY (CSAGI) and we look forward to the early establishment
on a more permanent basis of the Committee on Space Research
to continue coordination of basic scientific research in the

space field. There 1s need for coordination 1in program

planning, and in the execution of certain programs.
Activities in the tracking of satellites and in the
reception of telemetered data, in research on the upper
atmosphere and ionosphere by means of sounding rockets
launched simultaneously in various parts of the world, in
investigation of the ionosphere by pbservation of radio signal
from satellities, and in laboratory| and theoretical research
in areas supporting space activities are examples of program
areas in which international coordination would be most

productive.
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The ultimatc step in international cooperation is joint

participation in a single program wilth participation of
scientists of two or more countries in the design of ex-
periments and in the preparation of payloads for rockets,
satellites, and space probes. As I/ have sald, discussions
are under eay between NASA scientists and their colleagues
i com other countries with the view of beginning activities
of this type.

As a matter of fact, the international character of
cooperative space activities in which we are engaged 1s
already broad. Our radio and optical tracking network is
composed of stations located in, and often operated by
scientists and technicians of, Argentina, Australia, Chile,
Ecuador, India, Iran, Peru, Spain, and South Africa. Other
cooperating stations are siltuated in England, West Germany,
and Japan. The new Project Mercury| tracking stations will
expand this list to include additional countries to the
South and in Africa, along the planned orbit of the manned
capsule.

Beyond this, tentative arrangements for substantial
programs of joint exploration of our spatial environment

have already been made with the Unifted Kingdom and Canada.
Additional cooperative programs have been proposed by a
number of Pacific and Buropean national space committees
These are substantive proposals, in which each nation will

make its own scientific and technical contribution in a
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truly joint effort toward mutually
preparation and execution of these
accomplished in a few weeks, or eve
ment of their objectives, with the
interchange, will enrich all.

As an evidence of our interest
cooperation, we would be most happy
of our tracking network in support
the Soviet Union when and if that n
manned space flight program. Data
transmitted 1in its raw state to the
in Moscow. A precedent for this so
establicshed in the IGY operation wh
supplied, to thé Soviet scientists,
some U6 tape recordings of Sputnik
special recording or data read-out
I am sure that we would be happy to
utilize equipment furnished by the
such a cooperative venture we could
continuous or esseﬁtially continuou
astronaut.
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my association



wilth the Atomic Energy Commission was important to me because
I was convinced, early in that association, that our nuclear
weapons strength was the one most powerful deterrent to the
initiation of a shooting war by another great power. Now
I £find myself in this exciting, difficult and important
field of space research. To me, one of its greatest appeals
is the opportunity it offers for the development of a sound
program of international cooperation in the science and
technology nccessary to the exploration of outer space.
After all, science is truly an| international
language. And space 1s an all pervasive arena with plenty
of challenge for anyone who possesses the curiosity and
energy to attempt the solution of its mysteries.
"To explore space to gain knowledge of the physical
universe in which man lives; to explore space as a
demonstration of his mastery of advanced technology; to
open space to his own travel to satisfy his desire to see
and experience for himself; to explore applications of
space technology to improve world-wlide communications
and weather forecasting -- all of these aims reflect
as in a mirror the desires of men everywhere."
Out of the efforts of the dedicated and inspired men
of all nations may yet come that common understanding and
mutual trust that will break the lock step of suspicion and
distrust that divides the world into separate camps today.
Whatever the outcome, we cannot fail to make the effort.

Thank you.

NASA Release No. 59-264
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Mrs. Ostrander is the former Frances Ann Dunn of £l Paso,
Texas. They live in Alexandria, Va., and have three children:

Mary Frances, 10; Don, 9, and Sally Ann, 7.

- END| -
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It is a real privilege, as well as an honor, to talk to an

audience such as this about our Govermment's program of space

exploraﬁion. I doubt that it is possi
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Industrial Association.
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NASA and its mission as being im
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not new, nor are they unique t{

O NASA.

The National Ad-

visory Committee for Aeronautlics and the armed services

were deeply engaged in such activities for years before

NASA was established.

But the third of these,
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human activity. The explorati
time in the long history of le
been written into a law. It |
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exploration program. It is a program consisting, in the
terms of the law governing NASA's operations, of all
activities designed to further the exploration of space.
It is a program for which NASA is directly responsible.
And it is a program which does not embrace the military
uses of space.

For the armed services, space is properly not a
program at all, but just another place where military
functions can be performed for the defense of the nation.
The military utilization of space, and the research and
development effort directed toward that end, are integral
parts of the total defense program of the United States.
Military space projects are undertaken only to meet
military requirements, and they presumably must compete
in the military budget with alternative, and more con-
ventional, means of accomplishing the same military
objectives. For the military, the test must be: is it,
all things considered, the most prudent way to expend our
resources to achieve the best defense of the nation?
The military has no obligation whatsoever to perform any

part of its mission in space merely because space is there,




and man now, for the first time in history, finds it

accessible.

NASA, on the other hand,| has been directed by law
to plan, direct, and conduct such activities as may be
required for the exploration of space. The exploration
of space has thus become a kind of end in itself -- an
end to be pursued without having to justify it either in
relation to the defense of the nation or the economic
benefits which may possibly flow from it.
The exploration of space|comprehends all the means
of expanding man's knowledge of the space environment --
by the conduct of scientific experiments in space, and
by observaticn through the use of unmanned vehicles
equipped with the most ingenious instruments man can de-
vise. But it doesn't stop there. Ultimately, and essen-
tially, it means the sending of man himself into space.
It is the prospect of man escaping from his earthly
environment that makes the whole business the most ex-
citing enterprise of our age. | It is the thought of man
being projected into a totally alien environment, whether
in orbit about the earth, or standing for the first time

on the moon, or preparing to land on another planet,
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stimulated it since the first da
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Where are we going in space? Our scientists and

engineers have told us that there are no insurmountable
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scientific or technical barriers
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sending a manned expedition to Mars during the 1970's.
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Project Mercury is NASA's Db
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15 per cent is being expended o
costs of the project over a 4-y
run around $350,000,000.

As you know, Project Mercu
ICBM booster to place a manned
a ton, in orbit at an altitude
100 miles above the earth. Thi
capability for manned space fli
available boosters developed in
programs. But the needs of spa
do not stop there. The next st

flights around the moon -- circ

vernacular of the space experts

n this project. The total

ear period are likely to

ry relies on the Atlas
capsule, weighing about
slightly in excess of
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ght using presently

the military missile

ce exploration obviously

ep now appears to be manned
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umlunar f£lights,

~- and perhaps the estab-

lishment of permanent near-earth space stations suitable

for human occupancy. Such vent
having a thrust of about a mill
or roughly four times the thrus

Here is where Saturn comes
ceived, Saturn involves the cluy
gines, of the type used in the

to produce this amount of thrus

Various combinations of second

13
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t of the Atlas.

in. As presently con-
stering of eight IRBM en-
Thor and Jupiter missiles,

t in the take-off stage.

and third stages will




probably be employed in the later development of the
vehicle. The initial version should be able to put
satellite payloads measuring many tons into orbit and to
place thousands of pounds of payload in the vicinity
of the moon. With the anticipated growth development of
Saturn, it should ultimately be rapable of sending several
men on a trip around the moon, and even placing them in
a satellite orbit about the moon, before returning them
to earth.
Saturn, as you are well aware, has been under de-
velopment by the Army Ballistic Missile Agency at Hunts-
ville, Alabama. Less than two months ago the President
announced his intention of transferring the Development
Operations Division of that agency from the Army to NASA.
This action will also involve tyansferring responsibility
to NASA for continuing the development of Saturn. The
President's announcement made it clear that this action
was designed to consolidate in one agency, NASA, the de-
velopment of all "super~booster' space vehicles, meaning
all vehicles of very high thrust beyond those based on

the current ballistic missiles and growth versions of
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in Saturn. By clustering thi
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for the first time will make

landing and return.

monster of an engine,
icle can be produced which

ssible a manned lunar

Both of the vehicles which I have described will

have other uses, of course.
lifting capabilities will per
ful payloads far into space t
the moon and nearby planets a
effective payloads into orbit
sun.

I think I should mention,
vehicles, that our Administrat
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at Greenbelt, Maryland, we wil
for earth satellite programs a
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management of our entire
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we come to the end of the
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ic rockets, we should move
opment of radically new

11 enable us to plan for
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to the moon, and ultimately
fect the NASA program more
he coming decade. The
pported by a budget for
1,000,000, of which almost

through the contracting

ty to disclose the size of




the budget which we will be pr
shortly for fiscal year 1961.
able to say that it will be co
this year's budget. The costs
space exploration will inevita

Is there any real alterna
be said that if we don't pursu
foreseeable goals of space exp
who will. Is it conceivable t
will be content to be onlooker
now while another nation, eage
of world leadership, triumphan
world the Magellans of space?
was only three decades ago tha
center of the whole world's st
ful flight from New York to Pa
years, one intrepid American &
in the most dramatic fashion t
nology, and, yes, the courage

flights all across the earth.

The spirit of the Americg
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esenting to Congress

Unfortunately, I am only
nsiderably greater than

of a vigorous program of
bly continue to grow.

tive? It hardly needs to

e with vigor the presently
loration, there are others
hat the American people

s ten and twenty years from
r to seize all the symbols
tly parades before the

We cannot forget that it

t a young American held the
age by the first success-
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fter another demonstrated
he superior skill, tech-

of this nation by pioneering

n people is still the




same today, and they will expect and be satisfied with
nothing less than leadership by the United States in

this great new venture. If we keep our sights on the
real goals of space exploration -- 5, 10, and 20 years
ahead -- and pursue them with |steadfastness, we can be

confident of success.
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NASA CONTRACTS

The National Aeronautics and Sp
following new contracts during Octobe
Massachusetts Institute of Tech
research to provide a better understs
associated with rocket launches and |
University of Cincinnati -- $18

matical research into celestial mechsd

Ball Brothers Research Corp.

3

for a Delta-launched earth orbiting
$250,000 represents initial funding;
may reach $750,000.

Army Ordnance Missile Command -
for design, construction and integrat
satellite to study the energy and sou
contract cost may run $800,000.

AOMC -- $150,000 -~ Initial fun
and integration of a Juno II-launched

ionosphere. Total contract cost may

.

Natlional Bureau of Standards --

D

7

ments with radio signals to determine

irce of gamma rays.

D SPACE ADMINISTRATION

25, D.C.

FOR RELEASE:
Friday P.M's
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FOR OCTOBER

ace Administraticn let the

1959:
nology -- $70,000 -- Basic

r,

nding of the noise phenomena
et aircraft.

0,000 -- Advanced mathe-
nics.

$250,000 -- Instrumentation
The

olar observatory.

total cost of the contract

- $150,000 -- Initial funding
ion of a Juno II-launched

Total

1ding for design, construction

l satellite to sample the

run $750,000.
$130,000 -- Ground experi-

properties of the ionosphere,




McGraw-Edison Co., -- $80,000 --
wind tunnel at Langley Research Center

Navy Bureau of Ordnance -- $360,
propellant rocket motors to be used as
Scout (Project 609A) by the Air Force
entry tests.

Navy Weapons Plant -- $50,000 --
going into mockups for Goddard Space F

National Bureau of Standards --
system services.

Jones-Mahoney Corp. =-- $110,000
to house a new NASA minitrack station
Myers, Fla, This station will do the
stations, one at Fort Stewart, Ga., an
both of which NASA has closed.

Naval Research Laboratory (ONR)

support in connection with work on the

satellite to be launched by a Delta.

- END -

Repairs to rotor in unitary
000 -- Purchase of 19 solid
upper stages in a modified

in high-altitude and re-

Shop work and materials
light Center.

$70,000 -- Use of computing

-~ Construction of buildings
recently opened at Fort
work of two minitrack

d another at Havanna, Cuba,

~- $70,000 -- Ioglstics and

100-foot sphere communications




NATIONAL AERONAUTICS AND

WASHINGTON 2

NASA RELEASE NO. 59-277
Du. 2-6325
MEMORANDUM TO EDITORS:
The attached document 1s designs
U. S.

and U, S. S. R. space sciences

rockets, probes and satellites. It 3

Newell Jr., Assistant NASA Director 1

SPACE ADMINISTRATION

5, D.C.

December 15,

1959

cd as background information on
programs, including sounding
was prepared by Dr. Homer E,

for Space Sciences.




U. S, AND U.,S.S.R., SPAC
Homer E. Newe

Assistant Director,
Natlional Aeronautics and

Results Obtained.

The United States has been usi
air research and rocket astronomy s
WAC Corporal, V-2, Viking, Aerobee,
Cajun, Nike-ASP, and Rockoons used.
200 miles for the most part. Many
prior tc the start of the Internati
additional 200 were fired as part o
Year program. Current rate of rock
100 per year. Higher altitude rock
the work to extend the atmopsheric
thousands c¢f miles altitude., Launc
White Sands, New Mexico:; Wallops Is
Island, California; Cape Canaveral,
Canada; Guam; and from shipboard in
and South Pacific, and the vicinity

The United States program has
papers and reports giving results o
density, winds, and composition of
ionosphere; the earth's magnetic fi
cosmic rays; micrometeors; solar ra

astronomy. Scme experiments have b

E SCIENCE RESULTS
11, Jr.

Space Sciences
Space Administration

ng sounding rockets for upper

ince the close of World War II.
Aerobee-Hi, Nike-Deacon, Nike-
Altitudes attained were below

nundreds of rockets were fired

pnal Geophysical Year; an

' the International Geophysical

et soundings is somewhat below

ets are being introduced into

bbservations to one to several

hings have been carried out at

land, Virginia; San Nicolas

Flerida; Fort Churchill,

the North Atlantic, the Mid-

of Antarctica.

produced hundreds of research

n the pressure, temperature,

the upper atmosphere, the

1d; the aurora and airglow;

diations; and ultraviolet

pen carried out on modifying the




upper atmosphere by the release of speclal chemicals, and on
modifying the radiation belt by nuclear explosions. Some bio-
sciences experiments have been performed.

The USSR has also been carrylng out a rocket sounding program
since the last war. Although the precise number of rocket sound-
ings to date is not known, they number in the hundreds., Firings
have been made from Franz Josef Land and from Mirny in
Antarctica, as well as from European USSR. The Soviets have per-
fected a meteorological sounding rocket that is used for more or
less routine soundings of the atmopshere to measure ailr pressures,
densities, and temperatures up to 35 miles altitude. In addition,
their "geophysical rocket" 1s capable of carrying ton and a half
payloads up to 300 mile altitudes.

From their sounding rocket program the USSR has obtained a
broad collection of results. The meteorological soundings have
produced detailed data on the structure of the upper atmosphere
Jjust above the troposphere, showing its temporal and seasonal
variations. The geophysical rocket program has provided considerable
information on the very high atmosphere, including the inosphere,
The description of one of the geophysical rocket payloads 1is so
similar to the description of Sputnik III and its instrumentation
as to lead one to conjecture that the payload may have been
essentially the Sputnik III payload. Whether or not this is the
case, the instrumentation provided for a broad range of measure-

ments on the ionosphere, atmopsheric structure, energetlc particles,
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and the earth's magentic field. The

included considerable work on biolog

USSR rocket program has also

ical researches, Thers have

been some 20 tests in which dogs, and/or rabbits were sent aloft

and recovered for study. During the

animals was telemetered to ground.

The USSR launched the first suc

satellite., To date the USSR has sug

&2}

satellites, and 3 space probes. Two

eartn escape velocity; the first

4]

pa
diameters of the moon. The second S
the moon. The third space probe was
enough to the moon to take pictures
mocn's surface, then to loop around
The lunar pictures were successfully

The United States has to date

satellites; namely 5 Explorers, 3 Vg

2
-

Discoverers; and space probes, all
of the space probes achleved earth €
the moon at some 37,000 miles distan

Both the United States and Sovi
have produced valuable scientific re
spectacular discoveries and achieven
1.

in the accompanying Table No. In

spectacular output, these satellite

turning out a steady flow of informa

flight the behavior of the

cessful artificial earth

2
J

cessfully launched earth
of the space probes achileved
sed within 2 or 3 mcon
oviet space probe actually hit
launched so as to pass close
of the unseen side of the
the moon returning to the earth.
obtalined.
uccessfully launched 15 earth
nguard, Project Score, and 6
called Pioneers. Only one
scape velocity, passing by
ce.
et satellites and space probes
sults. Included are some
ents, some of which are given
addition to the more
and space probe flights are

ticn and results that build
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up gradually to an impressive advancement of mankind's knowledge

of the earth and outer space. Some of these are listed in Table 2,

Problems Beling Attacked.

In attempting to compare the relative stages of advancement
of the US and USSR in space research, one might proceed'by trying
to list item by item the individual results from the two programs
and to relate these results item to item. This would turn out to
be difficult even if one were sure that all the results obtained
by the Soviets were actually at hand, for there would be many
observations obtained by the Russians that had not yet been obtained
by the United States, and conversely, many obtained by the US that
had not yet been obtained by the Russians. A more efféctive, and
perhaps more significant way of comparing the relative'stages of
advancement, would be to 1isolate the general areas of investigation
and the general problems being attacked by the two countries.

Taking this approach one can say that the US and the USSR
appear to be at about the same stage of advancement in uppér alr
research., The US results on the atmopshere below 200 miles appear
to be more detalled and complete, but the Sovliets have made higher
altiﬁude measurements by means of thelr geophysical rocket. The
Soviets appear to have done far less than the US on solar
radiations, but the USSR has done much more than the US‘on blo=-
sciences experiments, having conducted numerous flight tests in

which dogs were carried aloft in rockets and safely recovered.
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The USSR has carried the technique of]
from the rocket carrier farther than
the technique of telemetering to a hi

Llkewise, the US and the USSR se¢
stage of advancement in studies of th
satellite techniques are adequate fon
vations. In fact it may be that in ¢
has the slight edge. The big advanta
these problems lies in their greater
hand, the United States has launched
Soviet Union.

In deep space probe work the USS
lead. Thils is directly attributable
technology.

Table 3 provides a comparison of
the United States and the USSR.

A review of Table 3 shows fairly
and the USSR scientists are at about
in the problems they are attacking on
research., As groups they undoubtedly
and understandings of the significant
tackled. Their instrumentations are
the United States may have a slight e
fact that the USSR quite often simply

ment for its own instrumentation. Th

y

his regard the United States

ejecting instrumented packages

has the US, which has carried

gh degree of refinement.

em to be at about the same
e earth's environs where

making the necessary obser-

ge the Soviets have in attacking

payload capacity. On the other

many more satellites than the

R has definitely taken ‘the

to thelr clear lead in vehicle

the states of advancement of

clearly that the United States
equal stages of advancement

are about to attack in space
have comparable competenciles
problems that ought to be
roughly equivalent, although
dge here, as indicated by the
copies United States equip-

e conclusion follows then
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that the side that has the more advanced technology in the way of
payload capabilities, guldance, etc., will have the distinct edge

and by virtue of. the increased flexibility and capabilities provided
by the more advanced technology will force steadily ahead. Thus,

one may predict a time lead in vehicle technology will be transformed
into a corresponding time lead in the exploration and investigation

of outer space.



Table 1

SIGNIFICANT FIRSTS IN SOUNDING ROCKET,
SATELLITE, AND SPACE PROBE RESEARCH

United States

1. A number of firsts in high altitude rocket research, including
among others:

First detailed photo of solan ultravioclet spectrum.
First photo of complete troplecal storm.
First penétration of equatoriel ionospheric current sheets.
First detection of X-rays in high atmosphere.
First detection of auroral particles in high atmosphere.
2. Discovery of the Van Allen Radiatilon Belt.

3. Discovery that the Van Allen Radigtion Belt consists of at
least two zones.

4, Performance of the Argus experiments.

5. The first precise geodetic use of prtificial earth satellites
(Vanguard I) to obtain refined infprmation on the size and
shape of the earth, providing an improved value for the fletten-
ing and showing that the earth is petually slightly pear shaped.

6. First achievement of an elementary| communic ation sa®ell ite, in
Score.

U. S« S« Ro
l. First artificial earth satellite.
2. First lunar near miss.
3. First lunar impact.
b, TFirst pictures of the hitherto unseen side of the moon.

5+ First detection of what may be a cwrrent ring sbout the earth
(the Chepmen-Stérmer ring).




9.

Teble 1 (page 2)

U. Se Se R. (Continued)

First routine recovery of large animals (dogs, and rebbits)
from high altitude rocket flights.

Devel opment and routine use of a meteorological sounding
rocket, recoverable and reflyable.

First launching of a large animsl (Laika) in a satellite of
the earth.

First high capacity, maneuvereble, heavily instrumented, space-~
craft with fully successful long range communications (Lunik III).



FIELD

Upper
Atmosphere

Table 2

SOUNDING ROCKET, SATELLITE, AND SPACE PROBE RESULTS

UNITED STATES

Rocket observations have been made of

pressure, temperature, density, composi-

tion, and winds of the high atmosphere
at a wide variety of locations, both
day and night, and in the various sea-
sons.,

Upper air densities have been obtained
from the tracking of both US and USSR
satellites.

It has been shown that the radiation
belt may account for much higher atmo-
spheric temperatures observed in the
auroral zone atmosphere than in the

high atmosphere above the middle and
L

1.

2'

U.S.S‘R'

Rocket observations have been made of pres-
sure, temperature, density., composition and
winds of the high atmosphere at a wide
variety of loecations, both day end night,
and in the various seasons.

Upper air densities in the higher latitude
regions obtained from drags on Sputniks I
and IIT,

High enough flux of low energy electrons
measured with Sputnik IIT instruments in the
northern reglons to account for the higher
atmospheric temperatures there.

equatorial regions.

Fluctuation in satellite drag, hence
presumably upper air densities, have
been shown, from observations on
Vanguard I and Sputnik II, to be di-
rectly correlated with fluctuations
in the 10 cm radiation from the sun,
and hence solar activity.

Direct measurement of upper air densities
made with gages in Sputnik III, for heights
up to 355 km.



FIELD

Upper

Atmosphere

(Contd)

Ionosphere

1.

Table 2 (Page 2)

UNITED STATES

6.

From both satellite and rocket observa- 7.
tions high altitude air densities have
been shown to vary widely with time of

day, season, and geographic position.

The amounts of diffusive separation 8.
both below and above the E region of the
ionosphere have been measured in sound-
ing rocket experiments, and shown to be
very slight below the E region and quite
pronounced above altitudes of 110 to
120m0

Extensive electron density data have 1.
been obtained for a number of locations
from rocket soundings.

From radio signals of both US and USSR 2.
satellites, propagation characteristics

of the ionosphere and electron density
distributions have been obtained.

3.

U.S.S.R.

The routine meteorological sounding rocket
has been used to give atmospheric structure
data at middle-European, Arctic, and Antarc-
tic locations showing seasonal varistions as
well as geographic. It turns out that the
seasonal variastions are different for the
different altitude ranges.

Diffusive separation in the upper atmosphere
below the E region has been measured with
results that agree in general with the US
observations.

From rocket soundings electron densities have
been obtained up to and above the F region
maximm.

Electron densities above 300 km were obtained
by observation of the radio signals of
Sputniks I and ITIT.

Observations on Sputnik I showed 3.5 times
as many electrons above the F region maximum
as below.



Table 2 (Page 3)

FIEID UNITED STATES U.S.S.R.
Ionosphere Lk, The heavy ions in the ionosphere L. The ionic composition of the ionosphere has
(Contd) above White Sands and Fort Churchill been measured in sounding rockets to above
have been identified up to the F region the F region maximum.

in rocket sounding experiments.

2 5. Sputnik III observations showed that the
predominant ion from 250 to 950 km is positive
atomic oxygen, O+,

6. 6. In Sputnik IIT the satellite potential in the
daytime ionosphere was observed to be as much
as -7 volts.

T. Very low frequency propagation data Te
were obtained from Explorer VI.

8. 8. In the second Lunik, evidence of a lunar

tonosphere was obtained:

Magnetic 1. Data on earth's magnetic field were 1. Data on earth's magnetic field obtained from
Field obtained from Pioneer I and Explorer Sputnik IIT.
VI, and a great deal of additional
high quality data are being obtained
from Vanguard IIT.

2. By their magnetic effect, electric 2.
current flows were plotted in the E
and lover F regions, in rocket sound-
ing experiments in the equatorial
regions.



FIELD

Magnetic
Field
(Contd)

Cosmic Rays

Table 2 (Page 4)

UNITED STATES

Rocket measurements of the earth's mag-
netic field have been made in the
auroral regions

Extensive data on cosmic ray intensi-
ties, composition, and interactions
with matter were obtained from sound-
ing rockets in wvarious locations and
throughout all the seasons.

The cosmic ray count was obtained above
the atmosphere with counters in
Explorer satellites and Pioneer probe.

Cosmic ray counts in the first
Explorers gave discovery of the
Radiation Belt..

30

UIS.S.R.

On Mechta measurements were made of the
earth's magnetic field and its extension into
space. A marked dip in the field was dis-
covered in the region of the radiation belt,
indicating perhaps the existence of a current
ring such as postulated by Chapman.

Lunik II, on its plunge to the surface of
moon, showed that the lunar magnetic field is
not greater than 50 gamma.

Cosmic radiation measurements have been made
in USSR sounding rockets.

The cosmic radiation was measured in Soviet
satellites and space probes.

Sputnik II observations shoved an increase

in counting rate with height (this being at
the time,an unrecognized hint of the presence
of the radiation belt).
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FIELD UNITED STATES UsSeSeRe
Cosmic Rays 4, Details on the cosmic radiation as a b, Sputnik III and cosmic rockets provided mea-
(Contd) function of time and position in space surements on the heavy nuclei in the cosmic
have been obtained from Explorer VI, radiation.
and are being obtained from Explorer
VIiI.
Radiation 1. Radiation belt discovered with instru- 1. Abnormally high cosmic ray counts were ob-
Belt ments in Explorer I. ' served in Sputnik II, particularly at the

high latitudes. Sputnik III showed a very
high electron flux in the northern latitudes.

2. A great amount of additional detail 2. Sputnik III, Mechta, and other Soviet satel-
obtained on belt in Explorers III and lite and space probe observations confirm the
IV, and the Pioneer probes. Extent US findings.

of radiation belt shown by Pioneer I.
Pioneer III showed belt to consist
of at least two zones.

3+ Piloneer. IV showed the extent of the 3

outer radiztion belt to have increased
greatly following a five-day period of
high solar activity, thus proving that
the outer belt is of solar origin.

4, Argus experiments showed individual b,
inner zones of the radiation belt to
be very stable.

5. Argus observations lends support to con- 5.
clusion that inner radiation belt pro-
duced by cosmic rays. See No. T below.
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FIELD UNITED STATES U. Se S« R,
Radiation 6. Detailed energy spectrum of radiation 6.
Belt in radiation belt was obtained by
(Contd) Explorer VI.
T. Sounding rbcket observations showed Te

that the energetic particles of the
inner radiation belt are protons of
energy spectrum expected fromf decay
of neutrons, hence supports cosmic
ray origin for hard components of
inner belt. ”

8. Extensive additional information on 8.
the radiation belt was obtained from
Explorer VI and is being obtained from
Explorer VII and Vanguard III. Hugh
varistions of many orders of magnitude
in counting rates were observed in outer

zone,
9. Radiological hazard of radiation belt 9. Radiological hazard of radiation belt esti-
estimated to be not serious for a mated to be not seriocus for a direct traverse
direct traverse of the belt; but quite of the belt; but quite serious for a space
serious for a space station that spends station that spends a lot of time in the belt.
a lot of time in the belt.
10. 10. The moon was shown not to have a radiation
belt detectable within the sensitivity of
Lunik instruments.
furora 1. Rocket soundings have been used to 1.

study the electromagnetic and particle
radiations in the aurora. It was found
that soft radiation flux above 40 km
was many times the primary cosmic ray
count.
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FIELD UNITED STATES U.S,S.R.
Aurora, 2. 2. A very high flux of low energy electrons
(Contd) was observed in Sputniks IT and III. This
flux was taken to be the cause of the very
high atmospheric temperature in these regions.
3. The particles in the outer radiation 3. rhe particles in the outer radiation belt
belt have been shown to be the likely have been shown to be the likely immediate
immediate cause of the aurora. cause of the aurora.
Geodesy 1. Vanguard I observations give an 1.
oblateness of the earth of 1/298.3.
2. Vanguard I observations show the earth 2.
to be pear shaped with a 50 foot peak
at the north pole, and a 50 foot flat-
tening at the south pole; this appears
to Imply an internal strength to the
earth, rather than a free flowing
plasticity.
Meteors 1. A fairly low count of micrometeors l. Influx of material per day indicated by

corresponding to a total influx of
1,000 to 10,000 tons of material per
day, from Explorer and Pioneer obser-
vations.

A very large amount of additional data 2.
are being obtalned from the Vanguard IIX
instrumentation.

Sputnik IIT observations in general agree-
ment with the US results.

Additional measurements made in Soviet cosmic
rocket flights.



FIELD

Astronomy

Lunar
Explorations

Miscellaneous
Experiments

1.

3.

Table 2 (Page 8)

UNITED STATES

In sounding rocket experiments ultra-
violet sources in the sky have been
detected and plotted.

The solar spectrum has been observed
and photographed down to 303 Angstroms.

Solar radiations have been observed and
measured in the X-ray regions.

The Argus experiments were carried
out,

Sodium vapor was released in the high
atmosphere and observed to measure its
radiations, atmospheric winds, and
diffusion.

Various chemical conteminants were
released in the high atmosphere to
study the photochemical reactions that
resulted.

1.

2.

1.

2.

30

U.S.S.R.

First photos taken of the hitherto unseen
side of the moon.

The lunar magnetic field shown to be no
greater than 50 gamma.

Lunar ionosphere detected.,

Sodium clouds were released from Luniks IT
and III and observed from the ground.
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FIELD UNTTED STATES U.S.S.R.

Biosciences 1. On numerous sounding rocket flights 1. Targe numbers of sounding rocket experiments
biological specimens of seeds, fruit have been carried out with dogs and rabbits,
flies, etc. have been flown and re- in which the animals were both studied during
covered for study. larger animals, flight and recovered after flight for further
such as rats and monkeys, have been study.
flown for study of their behavior and
the effects of the flight environment on
them. Recovery of such animals has been
effected on numerous occasions.

2. 2. Observations were made on the behavior of
ILaika, particularly heartbeat and respiration,
in Sputnik IT.

Engineering 1. US satellites show that moderate 1. USSR satellites and space probes show that

Data temperatures can be achieved 1n moderate temperatures can be achieved by

orbiting wvehicle. appropriate engineering.

2. Elementary communications link checked 2.
out in Project Score.

3. Based on radiation belt data, it is 3. Sputnik IIT measurements show that in the
deduced that satellites may charge to daytime ionosphere the satellite acquired an
a potential of some hundreds of volts appreciable negative charge corresponding to a
in the radiation belt. negative potential of several volts.

4, The meteor erosion and puncture prob- k. The meteor erosion problem appears to be not
lems have been shown in general to be particularly serious.
not particularly serious.

5. An elementary TV scanner was checked 5e

out in Explorer VI, while some of the

basic elements of a meteorological satel-

lite were checked out in Vanguard II.
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Engineering
Data
‘(Contd)

Meteorology

1.

Table 2 (Page 10)

UNITED STATES

6.

Solar cells have been shown to be a Te
practical, reliable source of pover.

It appears that the radiological 9.
hazard to space vehicle crews travers-
ing the radiation belt directly may be
relatively low, while the hazard to
those in a satellite orbiting through
the radiation belt would be quite
serious, In addition, marked increases
in proton intensities of the cosmic
radiation found at the time of solar
activity may be a very serious radio-
logical hazard: dose rates of

1000 r/hr.

Numerous sounding rocket photos of 1.
cloud formations and significant weather
areas have been taken., In particular a
composite photo from one sounding rocket
showed a campletely developed tropical
storm approaching hurricane proportions.

U.S.S.R,

Automatic photography of the moon and the
televising of the phcotographs obtained back
to earth has been achieved.

Solar cells have been shown to be a practical,
reliable source of powver.

A complete spacecraft, maneuverable, with
temperature control, power supply, long range
communications link, complicated instrumenta-
tion, ete. has been engineered and flown suc-
cessfully, -- namely, Lunik ITI,

It appears that the radiological hazard to
space vehicle crews traversing the radiation
belt directly may be relatively low, while the
hazard to those in a satellite orbiting through
the radiation belt would. be quite serious.



FIELD
Meteorology 2,
(Contad)
3.
L,

Table 2 (Page 11)

UNITED STATES
2.
3.
Cloud picture data were obtained in b,

Vanguard I, but motions of the satel-
lite have so far prevented reducing
the data to useful pictures. Also,
very low resolution, elementary tele-
vision pictures have been taken of
cloud formations as seen from Explorer

VI. One of these pictures was assembled

U.S.S8.R.

A meteorological sounding rocket was developed
and has been used on a routine basis for
meteorological studies.

Detailed measures of pressures and temperatures
have been obtained with the meteorological
rocket for Antarctic, Arctic, and Middle
European locations.

and released.
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Meteorology 2.
(Contd)
3.
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UNITED STATES
2.
3
Cloud picture data were obtained in I,

Vanguard I, but motions of the satel-
lite have so far prevented reducing
the data to useful pictures. Also,
very low resolution, elementary tele-
vision pictures have been taken of
cloud formations as seen from Explorer

VI. One of these pictures was assembled

U.S5.8.R,

A meteorological sounding rocket was developed
and has been used on a routine basis for
meteorological studies.

Detailed measures of pressures and temperatures
have been obtained with the meteorological
rocket for Antaretic, Arctic, and Middle
European locations.

and released.






Table 3

PROBLEMS CURRENTLY UNDER ATTACK

FIELD UNITED STATES U.S.5.R.
Upper 1. A detailed study of the structure, l. A detailed study of the structure,
Atmosphere winds, and composition of the ionos- winds, and composition of the ionos-
pheric regions and beyond in the. pheric regions and beyond in the
earth's atmosphere is underway by earth's atmosphere is underway by
means of sounding rockets and earth's means of sounding rockets and earth's
satellites. satellites.
2. Work i1s underway to develop a routine 2. The USSR has already achieved the
[ rocket sonde for synoptic studies of development of a routine rocket sonde
the lower portion of the upper atmos- for meteorological type soundings into
phere in association with meteorological the lower portion of the upper atmosphere.
soundihgs.
Ionosphere Intensive rocket and satellite studies Intensive rocket and satellite studies
| of the ionosphere in the F region and of the ionosphere in the F region and
beyond are underway. beyond are underway.
Magnetic The US has used. search coils saturable The USSR has also used standard type
§ Field core magnetometers and proton precession magnetometers and proton precession

magnetometers in its measurements of the
earth's magnetic field. The US is pre-
paring to use a much more sensitive -
instrument, the alkali vapor resonance
magnetometer, for furtbher studies of
magnetic fields in space and to measure
the magnetic field of the moon.

magnetometers for observations of the
earth's magnetic field. The USSR has
made a measurement to detect the lunar
megnetic field, finding none to within
the sensitivity of their instrument. It
is not known whether the USSR is preparing
to use the alkali vapor magnetometer in
the near future.



FIELD

Cosmic Rays

Radiation Belt

Aurora

Geodesy and
Celestial
Mechanics

Meteors

Table 3 (page 2)

UNITED STATES

Balloon, sounding rocket, and satellite
observations of the intensity, nature, and
effect of cosmic rays are underway.

Detailed study of the Radiation Belt by
means of sounding rockets, satellites, and
space probes, with occasional use of con-
trolled experiments is underway.

US scientists are tackling the problem of
both visible and ultraviolet auroral radia-
tions, the particles connected with the
aurora, and the ultimate origin of the
aurora.

US is continuing use of satellites for
geodetic studies.

The US continues to collect data on
meteors in space, using a wide variety
of experimental equipments.

U.S.5.R.

Balloon,; sounding rocket, and satellite
observations of the intensity, nature, and
effect of cosmic rays are underway.

The USSR made intensive studies of the
Radiation Belt in Sputnik III, but at the
present time appears to be investigating
the belt incidentally as part of their con-
centration on deeper space missions, namely
on their Lunik flights.

The USSR scientists are tackling the same
problems.

The USSR shows gskill in applications
of. celestial mechanics, as witnessed by

their ability to launch Lunik III with the
accuracy achieved, and to predict the motions
of the Lunik III spacecraft.

The USSR has made an intensive study of
micrometeors in their satellites and space
probes, appearing to attack the general
problem very much along the lines followed
by the Us.



Table 3 (page 3)

FIELD UNITED STATES U.S.S.R.

Astronomy Active rocket astronomy in being. Unknown,
Orbiting telescopes, solar, and astro-
physical observatories being worked on.

Lunar The US is preparing to conduct inten- The USSR has already achieved significant

Exploration sive investigations of the moon, but the steps in its investigation and study of
actual observation of the moon from space the moon. It may be presumed that the
vehicles is yet to begin. Soviets will continue their vigorous efforts

in this area.

Planetary US has minimal capability in this area The USSR has an advanced capability in this
Investigations at present, and on the present schedule area, and has declared its definite interest
planetary work is proceeding at a very in planetary research.

Tow pace.
Miscellaneous US using upper atmosphere regions for Unknown,
Experiments controlled chemical and Argus type

Biosciences and
Man-In-Space

experiments. Also planning relativity
and gravity experiments.

The US has a first stage man-in-space pro-
gram in project Mercury. Support work of

a research type is being carried out in

the Discoverer program. Some experimental
work is being carried out in sounding rocket
flights. A well rounded, fully developed
program of research in both bio-technology
and biosciences is yet to be worked out.

The USSR has & highly active program of re-
search on animals under rocket flight and
satellite conditions. It is not known how
fully develoned their bio-technical and
fundamental biosciences programs are. It
is expected, particularly from recent news
releases, that the USSR does have a man-in-
space program.



FIELD

Meteorology

Communications

Navigation

Table 3 (page 4)

UNITED STATES

The US is developing rocket photographic
techniques for meteorological purposes. The
JS is developing & meteorological sonde for
synoptic soundings. The US is conducting
fundamental satellite experiments associated
with meteorology, and is taking the initial
steps in the development of a meteorological
satellite systenm.

In its rocket, satellite, and space probe
telemetry the US has shown good capability.
Long range commnication systems are being
worked on for deéep space probes. Commni-~
cation satellite systems are being worked
on.

The US is working on a navigation satellite
of high degree of refinement.

The USSR has already developed a working
meteorological rocket sonde, which they
have already put to extensive use. It
is not known what the USSR is doing in
the matter of developing a satellite
mneteorological system.

The USSR rocket, satellite, and space

probe telemetry has been successful. In
particular the communications and telemetry
problems of Lunik III appear to have been
worked out with a high degree of competence.
It is not known whether they are developing
& communication satellite system, but it

- may be presumed that they are.

It is not known whether the USSR is devoting
effort to a navigation satellite. ‘
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MR, PORTZ:
we might as well start in. I am Matt Portz
for NASA, and I believe most of you know Sh
for Project Mercury. This is Shorty's show
will take over from here.

POWERS :

gentlemen. I don't think Paul Bikle really

people here in the local area; he is the dir

speed flight station and now the flight res
generous and kind enough to let us occupy a
and telephones and lots of other things aro
What we would like to do, we have already b
this afternoon, to let you get some picture
50,
who is from the School of Aviation Medicine
kind of zero G flying that the Astronauts h
The pilots of the aircraft are here, if you
Captain Richardson is the officer who owns

out in the back yard, so that if any of you
you would like to talk about concerning the
two sparkling -- actually, not so sparkling
think they are worn out from being in the p
The other five have already been here and t
program now for three weeks,
week. Without a lot of other words, I woul

MR, BIKLE: I have a rather easy task

welcome the members of the press to the NAS)

we will be seeing more of each other as the
Although we are hosts to this meeting and t
program is an NASA progrem, I think we ough
phase of i1t is conducted by the Air Force S
with considerable help from the Air Force F
the base here, I would like to urge all of
Portz and myself in the future if there is
giving you any information that you may nee
space program. You, Shorty, do you want to
talk, or just to go ahead with this?

POWERS: Yes, I would like to bring yo
the things that have been going on in our t
on the 18th of September and had a conferen
out at the Ballistic Missile Division. Fir)
training is concerned, I think that it could
YFW“Hea IYom basIés on 11t6 ‘more advanced su
case of‘ba31c astronautics,‘we have progres
and’ guldance and what have you to a study o
ance systems that will be used in the birds

Ladies and gentlemen, I thi

The name tags are out in fron]

As we proceed through this program, T 1

and we are rou

2

ink everyone is here, so I think
the public affairs officer

orty Powers, public affairs officer
and Project Mercury's show, so he

t of this distinguished group of
needs any introduction to the
rector of what used to be the high
carch center for NASA. He has been
whole bunch of his office space

ind here for the last three weeks.
cen out to the airplane today,

5 if you were interested in doing
will be asking Dr. Willard Hawkins,
, to give you a run-down on the

hve been doing while they are here.
would like to talk to them.

and operates that trailer you saw
have any questions or anything that
trailer, you may do so, and I have
, not at the moment, because I
ressure suits -- Mercury Astronauts.
hey have been in this training
nding it up or ending it up this

d like to introduce Mr. Paul Bikle.

1
¢

this evening. I would like to

A flight research center. I suspect
X-15 research program develops.

he NASA Mercury Astronauts training
t to point out that this zero G
chool of Aviation Medicine and
light Test Center people across

you to call on either or both Matt
anything we can do to help in

d on the country's aeronautic and
say something else, you want to

n up to date, if I may, on some of
raining program. We were here

ce, as I think most of you know,
5t, as far as the academic
méhé%ly be said. LOETTm:
bject matter. For. exaqpleg 1n the
sed from theories of propulsion

f the actual propulsion apnd guid-
that are going to boost the Mercury
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«cgpsule in its flight. As far as the travel
quickly, we.BAZE ¥Isited. the McDopnell Aircr
contractor for the Mercury capsule. We have
where I think most people know the Redstone
or at least managed from there; and each of
at the Air Force Wright Alr Development Ceni
an opportunlty to get a basic¢.introduction. i
included work in gressure chambers and heat
Some of the Astronauts &% THEE time got an
zexro G flying in this program in the back o]
_Alxeraft. That zero G was for very short ps
and was more in the form of an introduction
than anything else.

Each Astronaut has spent a week aj
Institute in Bethesda, Maryland.
part1c1pated in familiarization with an atm
dioxide.. In addition each Astronaut spent

Durlng tha

3

| program is concerned, very
raft Corporation, the prime
been 16 Huntsville, Alabama,
missile is DeTHE muniPHEtirad,
the Astronauts spent a week
Ler.atb. Payten.where they had
o, full, pressure suits., That
chamber and centrlfuge work.

bpportunity to do their first

ia)
L

an Air Force C-131 type
to zero G or weightlessness
t the Naval Medical Research

t period the Astropauts
bsphere containing high carbon

& period of hours in a heat

riods of time, 12 to 14 seconds,

chamber idéntified by the Navy as a human calorimeter. This session might
well be likened to the air-conditioning engineer who studies the room or

the building or the facility he is going to|air-condition, and it was a study
of the thing that needed to be air-conditioned, namely, astronaut types,

to find out how hot they got and how they felt when they did get hot.

The Astronauts paid a two-day visit to.the Air Force Missile Test Center

at Cape Canaveral, Florida. I think that this trip early in the program
might best be described more as a tourist kind of a function. It was an
effort to introduce them to Cape Canaveral to see the launch facilities

and meet the people who would be involved imn managing the launch opera-

tions at Cape Canaveral.

In September we had a three week ip out here to the west coast
and included two days here at.- ds, with| familiarization with the X-15
program. We got a chance to meet Scott Cro sfleld Joe Young -- Joe
Walker, rather, Bob White, Neil Armstrong, and all of the people here
at the NASA Flight Research Center who are working on the X-15 program.
I think probably one of the most interesting parts of that particular trip
was about a half day long shirtsleeve closed door session between, at that
time, only six Mercury Astronauts and the Xt15 pilots, at which time they
compared notes and experiences; for example), their experiences..an.the
centrifuge : at Johnsv1lle, Pennsylvania; and|I think they all came away
with perhaps a Tittle more knowledge about the total program.

We spent two days on that same trip with the Air Force.Ballistic
Missile Division in Los Angeles being briefed by General Ritland and his
people on "the Atlas program. We spent one day at the Rocketdyme Division
of North American Aviation Company out at Canoga Park. We got detailed

information on the pulsion systems that are being used in hoth the
Atlas and Redstone.

We got a chance to -get|out to the Santa Susana
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Mountains and see some test firings of rock

togive-thesdatronguts more detailed -inform

spent five.days.at.Convair's manufacturing
that week they _pet with all of the manageme
the people that are actually soldering the
bolts in the Atlas missile, and I am sure t
broadened knowledge of how the missile is p

Each of the Astronauts has now fl
approximately ten hours in the human centri
Medical Acceleration Laboratory at Johnsvil
centrifuge training we were able to reprodu
acceleration, positive acceleration, W& CO
they will experience in their Atlas-boosted
comirng back. These particular rides were n
or pressures or any other factors other tha
the Astronauts has now visited the B. F. Go
Ohio, and we have tentatively accepted deli
Mercury pressure suits. I would like to po
pressure suit you saw out here that Scott C
pressure suit; it is a Navy Mark 4 suit tha
training because it is not possible to plug
oxygen breathing and what have you the Merc
ticular aircraft. The suit itself, the Mer
by a team of people from the NASA space tas
B. F. Goodrich Company, and the Navy Aircrew|
Philadelphia, Pennsylvanla. Each of the As
with a custom-made prototype. We are proce
required to both train the astronauts and c
work to produce a usable suit.

As soon as they got their suits t
Aircraft Corporation, where we molded new c
Astronauts. We had been using a couch that
were essentially in a flying suit as Alan S
accepted delivery on the pressure suits the
and remold a new couch to fit the man in th
St. Louis visit each of the Astronauts went
Laboratory at Philadelphia, the Navy instal
additional familiarization with the pressur
mock-up of the Mercury instrument panel, pe
tasks Tor the dual purpose of making sure t
them mobility and familiarizing the Astrona
energies and forces he was going to be requ
normal pilot functions in the Mercury ¢apsy
that is, normal G conditions. It was condu
stances with the suit pressurized.

L

et engines. Then in an effort
ntion- about the Atlas, we
facility at San Diego. During

nt people and the engineers and

wires and turning the nuts and
hey came away with a considerably
ut together,

pwn -- and that's in quotes --
fuge at the Navy's Aviation

le, Pennsylvania. Dutring the
ce at least as far as G's or
neerned, the same profile that
fllghts, both going out and””

bt concerned with %emperatures
n G or acceleration. Each of
pdrich Company facility at Akron,
very on seven prototype Project
int out at this time that the
prpenter was in is not a Mercury
t we are using during this

in all of the ventilation and
ury suit requires in this par-
cury suit, is being developed

k group back at Langley, the
Equipment Laboratory in
tronauts has now been fitted
eding with the work that is
onduct continuing development

hey went directly to McDonnell
ouches for each of the

was molded while the Astronauts
hepard is now, and when we

re was a reguirement to go back
e pressure suit. After the

out to the Aircrew Equipment
lation, where they went through
e suit. They worked on a
rformlng _pre- sele ged“phys1cal
hat they’ "had 'a sult that gave
ut himself with the kind of
ired to expend to perform his
e, This was done under one G,
cted under pressurized circum-
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In addition, each Astromasut spent

combination pressure and Heat chamber at the

In this chamber it is poss1ble to simulate
atmosphere beginning at an altitude-o£-6040
surface, and creating realistically the con

temperature on the time ‘scale involved in tl

Teads 15 t6 the current phase of training h
with the Sghool of Aviation Medicine at zer
Doctor Hawkins if you would” explaln to these
the schedule, how

DR. HAWKINS:

statements first, if I may, by pointing out

which is certainly difficult to come to grij

situation, one which man has certainly neve
very short, very brief portions of a second
as if diving off of a diving board or going
is impossible to simulate this condition on
the laboratory, and so the operation become
duration that we are able to achieve, altho
tremendous accomplishment when you speak of
weightlessness, this doesn't really seem 1i
ever, it is a considerable period of time W
never before experienced this. I feel like
of which we are able to achieve in using th
like you saw out here, the F-100's, that thi
evaluate the man's. Dphysiological responses
as well as his psychomotor performance, his
into what the problems are going to be in &

We are very happy, the School of
here as our research team which consists of]
number of airmen who support our research s
this opportunity really to participate and
phase -- zero gravity training phase. This
one point that I would like to get across a
really the most interesting aspect of all o
large organizations in our country who are
effort to accomplish a specific mission, an
the NASA group, which is one Federal agency
wherein we have two major commands particip
command with primarily the Flight Test Cent
they are giving to this program; and Air Tn
School of Aviation Medicine is a part of.

I feel like that the time out hen
have been here now, almost three weeks, has
combined effort definitely can be achieved.
going very well, myself. I am extremely ha
have not only been happy to provide the Ast
training, but that we have also had the opp

many flights we've had, ai

Very good, Colonel Powerp

ppy with it.

p)

several hours ln.a rather unusual
2 reentry into the earth's

Q.feet down to thE& &irth's

litions of both pressure and

he reentry process. This now

bre at Edwards Air Force Base

b G, and I would like to ask
people how we have been running
nd what you have been finding out.

5. Well, I might preface my

that zero gravity is a condition
ps with, It is a very unique

r before experienced except for
or possibly a second or two,
over a roller coaster., It

the surface of the earth in

B a very costly one., The time
ugh we feel like that this is a

a minute or fifty seconds of

ke a long period of time. How-
hen you realize that man has

, therefore, that the duration

e -high performance aireralit

is does give us a chance to
during this weightless condition
thinking, and give us an insight
more prolonged peridd.

Aviation Medicine, to have out
about six officers and an equal
tudies. We are happy to have
help out in the Mercury training
is a big operation, really, and
nd point out, which I think is

f it, is that here we have three
working together in a combined

d this I am referring to as

; we have then the Air Force
ating here, and this is the ARDC
er here giving the support that
aining Command, of which the

e for the two weeks that we

borne out that a unified and

I feel that the program is
I feel that we
ronauts with some additional
ortunity here of collecting some
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very valuable and important physiological d:
In fact, there
first time, a first event wherein we have be
physiological data from in flight, and this
a monumental achievement that has resulted
here between the School of Aviation Medicing

never been able to achieve.

here at Edwards.

Now, then, what we have attempted
We . are trying to give each one of
of about 50 minutes or 60 minutes' duration

is this.

that they take off until they land.

about three or possibly four parabolic flig]
that we have to fly in order to achieve the
these calculated maneuvers, then we are able

dition for about 50 to 60 seconds.

Astronauts got four fllghts, and they rough

wnld by,

Now, on the first flight we have
have a psychomotor work wunit in the aircraf)

AT

to work throughout the ‘duration of the weightless period.
measure, and we are recording his responses

During

Now, ths

6

sta that heretofore we have

is really -- this is really a
cen able to collect this much

, I think, in itself is certainly
from over a year's work out

e and from the Flight Test Center

to do with the Mercury Astronauts

-them four flights. A flight is

, almost an hour, from the time

that time we are able to fly

ht maneuvers, which is the maneuver

welghtless condition. By flying
to produce a weightless con-

en, as 1 sald before, the Mercury

ly get about three parabolas per

rram out here, we will have flown

set up the program so that we

t which the Astronaut is ‘required
This gives us a
on board during the flight

maneuver, this gives us a measure of his time, speed, and his accuracy in

being able to reach for objects or reaching
We want to know, is there a de
tend to overshoot, undershoot, or what is hij
able to find, as the program goes on and hi
paring his first and last flights, has ther
performance over this exposure period to ths

weightless.

he learn to adapt, adjust to this?

type of foods which have been developed and
One type particularly, and
by the Quartermasters, which -- who is that

S oaaddbd-on o

POWERS :
DR. HAWKINS:

exact impression of this.

we are going to give water to this individu
suited to provide him with the physiological
They have had a chance, then, t
test them out themselves, so that they know
at the same time, under such.a flight, they

every day.

Then we have also given them each
Earabolas, fly through the weightless condition- themsglves; ‘again

some of the

o it

I think the Army Quartermaste

Then we

The Army Quartermaster ih Chicago.
type of tube that maybe one of the Astronau
Then we are trying to evaluate, of course, how

for a specific point while
viation from normal? Does he
1s response? Then we are

5 f1ights are completed, com-
2 been any improvement in his
> weightless condition? Does
are evaluating the foods,
prepared for use. An.a weight-
I believe these were supplied
, Col Powers?

r Corps.

It is a toothpaste
ts might be able to explain his

nl, what type of system is best
| requirements that he must have
b work with these items, to
what the problems are. Then.
were wearing the pressure suit.

an opportunlty to actually fly

glving tﬁem a.chance to actually measure thelr. own responses and reaction

times during the weightless condition under
T think really that‘*s about the essence of
you have specific questions you wisk to ask

a characteristic flight operation.
the program, gefitlemen, unless

b
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POWERS: The four flights, then, to ru
one: in a normal,Ti?Tﬁgwg%Et the second T
suit; the third with the Astronaut flying pa

7

1 down very quickly, are,

light in a Mark U presswee..

arabolas from the rear seat

themselves; and the fourth, a repeat of the

first flight to find. out,whether

or_not the

R BRI

capabilities as a result of the earlier flig
too muchy “tHe" floor “is how open for questior

QUESTION: Can you tell us what you hay
and reaction tim€s and improveménts in the f

DR. HAWKINS: Mr. Miles, no, I cannot,
the study that has been conducted here, becs
we have been working on has been a very crif
three flights a day, instrumented, fully ing
is something which is Jjust, well, just not v
extremely tedious task that requires a lot ¢
to stop and gualuate all the data that you
is just impossible., As I say, we are not ye
more days to go, and only then will we be al
evaluate and run correlation curves on all 1
answer that you want.

o

q

QUESTION:
getting on your telemetry here?

DR. HAWKINS: Yes, sir, this is -- we

we are recording three leads, EKG's, electrqc

Can you tell us what physiol

a

g

Astronauts may hayve acquired- some-information.and.training.and.

rthts. 0O.k.
1s and answers.

Now, I have talked
Mr. Miles?

ye found in the way of effects
our flights?™ B

|under the flight -- er, under

wuse the time schedule that
tical one. We have been flying
strumented flights, and this
psually done., It's an

f support and effort to try
are collecting at the time. It
gMggglshed, We have a couple
le to si aown, really, and
his to give you the type of

ogical read-outs you are

re measurlng, well, actually
s, the lead one, two,

and three, which are standard leads, and then we areAmeasurlng respiration

and we are measuring blood pressure.
we are measuring the accelerations in three

individual, and this is all simultaneously 1

when we are in zero gravity and when we are
QUESTION:
DR. HAWKINS:
in maneuvers on this.

POWERS:

Simultaneously with this, of

At what altitudes are you mg

S mxwmw@

course,
axes that are acting upon the
ecorded so that we know exactly
not.

king these runs?

If I may refer this questfion to Captain Breding, who
is the pilot from the school, he can best an

swer this. He is the expert

Reddy, why don't you come on up and fly one of these things

with your hands, if you will, and maybe -- I know I had to find out that way.

BREDING :

CARPENTER:

in maneuvers there! (Laughter)

POWERS ¢

I don't have powered hands

I'd better get out of the w

14
H

ay in case you get out of control

All right, talk us through a fllight.
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BREDING : Well, like Dr. Hawkins sai
minutes approximately. This is from take-of
period of time we have accomplished three td
returned and landed. After take-off -- well
count-down to go through, whatever you want
ment in order before we move out to the end
climb, and during the climb we are also cheg
it is working with the ground station. We d
feet and attain at that time the highest™H4d
that is, saving our fuel and time., From thi
over or dive, the purpose of which is to ags
too much altitude. When we have reached an
a dive going on down at a 30 degree angle of
feet, somewhere in that area, 5,000 foot ars

8

d, our missions run about 50, 60
f until landing. During this
four parabolic curves and have
, prior to take-off, we have our
to call it, to get all the equip-
of the runway. We take off and
king equipment to insure that
Limb %o an altitude of 0,000

i that we can conservatively allow,

s point we go into a gradual push-
in increase our mach without losing
altitude of 25 to 20,000 feet in
dive, we reach 25 to 20 thousand
a, we rotate the nose lpward.

At this point we will have the highest mach |[that we can attain in the altitude ¢ /g
we have used, and we will rotate the nose upward to an angle of attack of fu” fﬂ
near 55 degrees read from the cockpit -- (interrupted)n ‘?
t
SHEPARD: Attitude. "
BREDING : Yes, angle of attitude, with the nose up. Now, at this

point we -- what we say in G.I. language,

force, and when we do, we reduce our power
zero G, so what we are after at this point,
no forces at all, neither upward, downward,
assist us to exact this thing, plus our inst
millionaire's golf ball -- (laughter) -- and
right -- we have it on a string hanging in 1
floating; we are neither pulling it nor crow
know we are at a weightless state. To attai

g
g

Once we get in it, it isn't so hax
ambient air, the engine in the airplane, thg
will crest us out on top at various altitude
above 35,000 feet. We have come out over th
Then we are at our slowest airspeed which wd
operation. We get our airspeed too low, and
will experience an engine compressor stall,
we have to go over the top at a certain pred
usually no lower than 160 knots.

We are still in zero gravity at th
over the top; we come down the back slope,
weightlessness, the weightless state yet, an
and we must gain airspeed rapidly. We have
up with the golf ball until we again come tg
start initially our pull-out, and the angle
not exceed vertical, but at times it will al
maintain the end weightlessness.

tick it" in head to toe zero G
nd control it fore and aft
right at this point there are
sideways, fore, and aft. To
ruments, we use the old

we keep that thing floating
he cockpit, we keep that thing
rding it either way. We then
n this is a job.

d to hold 1t, depending on the
mach we enter, will take us --
S. More than likely it will be
e top, a good one up to 45,000.
can allow for good engine
still operating our engine,
and this is what we avoid; so
etermined airspeed. This is

is point. We rotate the nose

he back side, and holding

d at that point we are gaining,
to manipulate our power to keep
20,000 feet. At this time we

at the backside will, of course,

most reach it in an effort to
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BREDING : Many things we experience|
flight, but to finish up the curve now and 1
initiate a pull-out and we do it without exg
and the engine. We pull it out at not over,
maneuver pull-out, and from this point we wi
bolic should the maneuver call for this. 8Sg
for a 3 G accelerated past weightlessness mg
from zero to 3 G and hold 3 G for one minute
to do it, and now for this program we are hg
gives the number two occupant the time to ey
welghtlessness and positive G force. That's
simulate here and to measure.

POWERS: And the positive G force comin

BREDING: Immediately after zero. W
into 3 G force load, and we hold this. Duri
occupant, the Astronaut in this case, has a
working the psychomotor unit, or in one flig
Now, the safety measures involved in this, 1
cover us, that is, to keep the range we are
craft, Of course, the pilot is on instrumen
flying when he is flying this maneuver. We
the school, Lt Wagner and Lt Streicher, who
that are primarily flying the problem,

9

Bach flight is a different
each our 20,000 foot point, we
ess G forces on the airplane

if we can avoid it, a 3 G

11 climb up to another para-
me of our maneuvers will call
neuver. From this point we go

or however long we are asked
lding it for a minute. This
raluate the difference between
what we are trying to

lg immediately after zero.

e are in a zero state and right
ng this time the number 2 seat
task to do, either feeding or
tht he will fly it himself.
umber one, we requlre chase to
flying in clear of other air-
ts, he cannot do contact

have three pilots involved from
is with me now, and myself,

POWERS: Thanks very much.,

SHEPARD: They're real pros, too! (Laughter)

QUESTION: These three weeks of tests, have they all been in the F-1007
BREDING : Oh, yes.

QUESTION: And is there any particular [significance that you are only

striving at this time for 50 to 60 second pe

TR R S O

BREDING : Well, this is the limitati
I mean, we can get -- we are interested in -
of course, we may exceed this, but when we d

riods of weightlessness?

on of the aircraft that we have.

S BHEs oW,

o, we are reaching the limita-

tions of the power available and the vehicle in which we are operating.
Incidentally, we feel it is about the best dgne, of course, that's available

for us.

QUESTION: Isn't that about the longest
to attain?

BREDING :

that ever has been attained, yes, by almost

Oh, we've overshot it some, but it is the longest period

twice.

re are times,

periods that you have been able
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POWERS: Yes.
QUESTION: What would you say your maximum has been in your best run?

BREDING: . Well, we don't have this but we have clocked it and we
think that we can ﬁg%éxmﬁggonds.
QUESTION: What has been the normal average pull on the vessel
obtainable?

BREDING: : Well, it seems to me we are -- not very long ago, a couple

years ago, 35 to 40 seconds was a real peak|load. This is with other type
aircraft.

QUESTION: Pardon my ignorance for the|question, but are you talking
now about the individual or the airplane?

BREDENG: . -The airplane. These are F-100F's,
R

QUESTION: Now, can you graduate to a faster aircraft and get a longer
period of weightlessness?

BREDING: . At the present there is n¢ other aqu‘aftythat can do it.
There's -- there may be a. 104 that might get 5 £o 18 seconds greater,
but the efforts required to fit this airplane for this kind of work over-
shadows the -- the requirement, for just 10 |seconds. Even then this is
Jjust a calculated approach to it, They feel it should do it because of its
higher mach number attained at a certain alitude.

POWERS: I suspect Captain Jordan in his F-104 probably could do more
than a minute, but I doubt if we could manage to fly many flights to a
hundred and some odd thousand feetl to get the training.

BREDING: . We are interested in weightlessness now, no forces at all
in any direction. And then we multiply the [problem. When we think of the
total weightlessness, that's a different thing.

QUESTION: Major, may I ask, would you |say that this is the most thorough
study up to date in getting G reactions?

DR. HAWKINS: The most thorough?

QUESTION: Yes.

DR. HAWKINS: Yes, sir, I would, and altthough a lot of work has been done
by people ahead of me in this game back at the school two years ago -- in
fact, actually the work started back in the igchool as far back as 1953 --
but T think today that this is the most comprehensive effort that has been
put forth. When you stop and realize the amount of data that has been
collected during this period of time -- (infterrupted)
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QUESTION:
is gathered?

Major, could you tell us a

DR. HAWKINS: Well, we have on board I
an oscillograph. At the same time we have
we are able to transmit the same informatio
we want, to a telemetry receiving station,
of this same information, so we have two fa
reporting this information.

QUESTION: With apologies to Mr. Miles
ask you a couple of elementary questions?
Astronaut program actually -- the date -- n
the date?

POWERS: How about you answering this?
SHEPARD:

of this year,
training step

I think the training program
1959, when we had our first p
was to meet the press in Wash
QUESTION: You are back where you star

SHEPARD: Back where we started from t
after we moved families and so on the latte
we really got together in Langley Field usi
our headquarters, and started up training a
continual process, step by step process.

QUESTION: Who would I direct a questi
one of the seven actually participates in t

POWERS: You mean, when are they going
QUESTION: Well, that's the: question.
POWERS: The only thing we have set as

is during the calendar year 1961 we expect
orbital flight.

QUESTION: Who would I direct another
the opinion that Russia has actually attemp
success in recent months?

POWERS 3
or Mr., Miles or any of your associates here
closely and we think you are probably famil
has been going on the last two or three day
out of Rome that the Russians have tried an

Russians on an official basis have denied tl

reports that they had a program for trainin

We don't have any more inform

11

l1ittle bit of how this material

ecording facilities, which is

a telemeter transmitter which

n or portions of it, whatever
and we can get direct read-outls
cilities to rely upon for

and Mr. Wainwright, could I
When d4id this program, this
ot the program, actually, but

(indicating Shepard)

started on the 9th of April
ess conference and our first

ngton.

;

ted from! (Laughter)

he first time. Immediately there-
r part of April, and that's where
ng the NASA facilities there as

t that time. It has been a

on to when the -- well, when the
he program?

to fly?

far as the timetable is concerned
to send an Astronaut on a manned

nuestion to -- does anyone have
ted this same thing without

ption, I don't think, than you

We watch your reporting very
iar with the controversy that

5, where there was a report

i lost several astronauts. The
his, FEarlier there have been

g astronauts; later when Mr. Sedov
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came over to the United States and actually

12

visited Langley Field, he

denied that they had any such programs, so I can’t answer your question.

I don't know.

SHEPARD: For information just a littls
Sedov, later on at a meeting of the Americar
he was talking to Von Braun, and one of the
at that time was that they were essentially
as we were, the philosophy that they would 1
they had the feeling they could bring him bs
if they are following this philosophy they 4
factor of 90 out of a 100 before they go. ¢
that business, we are in the business of puf
and we can only guess, as you people are doi

QUESTION: Colonel, again another elemg
the final decision which one of the seven, M
the other five would go?

POWERS: I suspect in the final analysi
director of Project Mercury for NASA; it wil
least recommend the selection. I feel that
the program to the nation, that the selectio
a very high level of government.

QUESTION: May I go back to a local lev
me what your reactions have been to these --
you have been through zero G before as pilot
a period this long and what has your general
attempts and the gizmo ~-

CARPENTER: O.k., I will start with the
Al has., I will let him talk about eating.
difficult in the weightless condition than i
is Jjust my personal impression. We don't ha
elther, but it doesn't seem to be a problem

QUESTION:
I have been told by pilots before that zero

sometimes makes him feel light-headed; is ths

feeling that you have in your zero G to this

CARPENTER ¢
too, but everyone doesn't.
might make sick.
you can ~-- if you are given a task that take

tion, this is enough to make you completely
condition,

QUESTION:

ek successfully.,

Is there any particular feel

None as far as I am concerng
I think there ars
It didn't happen to make mg

Has that been your feeling, 1

> bit, since you mentioned
1 Rocket Society in Washington,

points he made clear to him
adopting the same philosophy
10t send a man into space until
Apparently
re shooting for a reliability
juite frankly, we are not in
ting hardware in the sky,

ngo

ntary question. Who would make
ir., Carpenter, Mr. Shepard, or

s Mr., Robert Gilruth is the

1 be his responsibility to at
in view of the importance of

n will probably be confirmed at

el for a minute? Could you tell
to these zero G tests? I know
s. Have you ever been through
reactions been on the food

gizmo. I haven't eaten yet;

Tt doesn't appear to be any more
t is in the 1 G condition. This
ve access to the data yet,

s0 far.

ing?
N
o

sometimes makes a man sick,
ere any particular physiological

extent of time?

rd, OSome people get seasick,
> probably some that zero G

> sick., It's unnoticeable;

5 S8Y, 25% of your concentra-

$naware of the weightless

007  (Indicating Shepard)

Early in' this Mercury program,
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SHEPARD: Yes, qualitatively speaking
haven't seen the day yet, either, it is a v
there is no obvious restriction to any of tl
1 G conditions as opposed to those under ze
maybe to clarify your question about the un
ledge at least, has occurred primarily in tl
the parabola is the same essentially, but ij
manner. Now, the 100 has better performancs
parabola, it's a higher G airplane, so you
and abruptly -- er, more smoothly and gradus
of an abrupt thing, and I think most of the
had there, though none of us had it, is the
the floor of the cabin after they finished {
bounce around quite a bit; they were not tig
100's, and I think this may clarify that po:

QUESTION: How about the eats?
w’“\%,n,w‘ﬂ"‘ Dt
SHEPARD: Tgrrifn.c., I had chopped beef

paste tube, and it was very tasty. As a mat
a bit of breakfast and thought these guys mi
that wasn't quite so tasty, but 1 ate more t

CARPENTER: He ate what was supposed tg

SHEPARD: I ate what was supposed to bd

QUESTION: Was there any difficulty swd

SHEPARD: No, apparently -- of course,
chunks of food. We are working with several
baby food, if you want to call it that to rs
and you squeeze 1t in your mouth, you can el
depending on how hungry you are and what ratf]
once you get it inside and get the muscles w
muscular movement from there on down. Same
bottle that I used. We used two, actually;
with, and a catsup bottle. The catsup bottl
ful, To. Just take the water in, you can squ
it really makes no difrerénce as long as you
dlrection of your mouth.,

(e

QUESTION: 7You put the bottle in your m

SHEPARD: You can do either, or squirt
goes strajght.out. There is no parabola tra
it goes right straight out, and once you get
set. Here again, the‘pusqular action takes

QUESTION: Apparently automatic, then,

the zero G trajectory.
rd down as we are here in the
int.

) be mine!

13

for the moment, because we
ery comfortable sensation,
ne movements that you make
ro G conditions.
pasy feeling, this, to my know-
ne C-131 at Wright-Pat, where

t's flown in a little more abrupt

=3

T

and
under
I think,

and so it goes through a longer

tan do more things more smoothly
211y, whereas the 131 is kind

difficulty most people have
continual slamming back into
They

' this morning out of a tooth-

ter of fact, 1 had eaten quite
ght have given me something
han my share,

(Laughter)
his.
1lowing?

we have not worked with any large
different sizes or grains of
fer to it for comparative sizes,
ther squeeze or suck or both,

e you want to take it in, and
orking, then it is purely a
thing with the water, the water
Jthis.one ye are et ing

e was a little more success-

irt up or down oP 8idéways,

get the nozzle _in.the general

?

outh or --

it, because when you squirt it
jectory, 806 when~you squirt it
the aiming point you're all
it right on down.

R i A W i,

the actual swallow1ng process?
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SHEPARD: Yes, you notice no differencd

=)
- e

1k

It is not uncomfortable;

you notice no uneasy feeling at all in getting it down in your tummy.

QUESTION:

SHEPARD: Well, we actually did it with

You don't do this with a pressure suit on, though, do you?

p the suit on, but not Iinflated,

The facewg;ate was Qpened and we totk 1t through the face’ pIate. Now, there

T§ another means of doing it, of course, if
lock in the face plate. Thls has been tried
tube that will come in the face plate. With
get the tube in there and maintain the presd
you squeeze and suck to get it in.

POWERS: Actually the conditions we ard
that will be encountered.in.the.mormal.Projs
assumlng that the capsule life support syste

‘tmpfﬁgkﬁTTZéd”éB‘far g Hisg suit is con

- ""”1 §%andard _procedure,

QUESTION: The first real experience,
with weightlessness will be the original fli

CARPENTER: For us.

QUESTION: And how long do you feel you

SHEPARD: Five and a half minutes.

QUESTION: Five and a half minutes?

SHEPARD: Yes. This is a -- here again
analysis of weightlessness, it might be anyt
As far as the gauges are concerned, I think
as a criteria.

QUESTION: I would like to ask the doct
Major, what relationship do you feel there i
to fifteen minutes? Do you think that you c
reactions? How do you figure on extrapolati
fifteen minutes or five minutes or four and

DR. HAWKINS: Well, the only -- of cour
prolonged effect of weightlessness will be w
man in orbit for extended periods of time of

feel like that within a short period of one 1

for the body's normal responses to make an a

under which it finds itself, that we can eval
occur, and from this, then -- of course, we v
extrapolate, but again the final answer, we 1

you want to provide a pressure

| before; also with a plastic
1 a falrly small hole you can
sure ceiling and actually there

* duplicating here are the same.

ct Mercury capsulefiight;
m is operatlonal the man will

hough, I mean extended experience,
ght?

will be weightless?

, 1f you ask us in a qualitative
hing between plus or minus -05 G.
they are shooting for about .02 G

pr one more question, if I may.
5 to a minute of weightlessness
an get a proper analysis of the
ng the extension of this for

n half hours?

se, the final answer to what the
111 only be known when we have a
hours or days. Now, then, I
ninute that this is long enough
1justment to the new condition
luate what changes will probably
¥ill have to do our best +to
ealize, as to prolonged duration

of days will only come after the man is actually in this orbit.
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POWERS: I would like to point oul Jjust

15

one other thing, that we are

acquiring in connection with Project Mercury as a result of this flight

operation, since we are transmitting telemet
we are acquiring experience on the part of ¢

medical personnel in watching that telemetry and observing the data.

have tried on a couple of these -- well, evd
‘example, under weightlessness, and we are ug
becoming standard Project Mercury pilot repq
again, are coming down into the telemetry ce
recorded on tape so that we can bring it bad
headguarters at Langley and use the tapes tl
train all the people who will be involved in
astronaut flights in the Mercury capsule, sd
triple or quadruple-edged program. The Schd
acquiring data that they would 1like to have
it. Our astronauts are flying under zero G
selves with these conditions. We are acquin
and we are acquiring base material that we d
ment organization at Langley to train other
monitoring the entire system.

QUESTION: Are you coneluding. now your

or will you still have an advanced phase tha

POWERS: Well, this week winds up this

unless Dr. Hawkins and his people can come U

give us something in the order of 3 or 4 or

as we are now getting, I suspect our next ex

a Redstone booster. Right?

CARPENTER: That's correct.
QUESTION: What will be the next test f
flight? Do you have any more set up in your

experiences; what would be next?

POWERS: Not at zero G.

QUESTION: No, but what would be the ne
we say?

POWERS: Well, for the next several mon

be involved in Worklng out the pressure suit

SHEPARD: That's correct. We have had
machines, which, if you are familiar with it
s&parator that flings you around the room, t
had some of that in flight here, as Shorty p
to try the combination of our pressure suits
using in the capsule and which is being and

ry back to a telemetry center,
ur flight surgeon and other
We

:ry man has tried to talk, for

ing the standard or what is

rt transmissions. These,

nter and this is all being

k to NASA to our space task group
at we have acquired here now to
) monitoring the Mercury

we are -- this is kind of a

ol of Aviation Medicine is

very much, and they are getting
conditions to familiarize them-
ing data for our own purposes
an take back now to our mansge-
people in the techniques of

zero gravity hage
t you will come back here for?

phase of the training, and

p with a new airplane that will
5 times as much weightlessness

perience will be on the tip of

or these fellows before that
program, shall we say

xt phase of their training, shall

ths I think we are going to
bu51ness, are noﬁ’

some training on the centrifuge
, is the oversize cream

hat sort of thing. We have
pinted out. We _are most anxious
and the couch which*QENQTIImﬁe
ras been and is belng molded

1

i
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for us now b ‘ .
configured for an ambient air pressure equa
our flight environment, 5 psil absolute.

QUESTION: So far as your tests in the
normal flight position and not on the couch

y

SHEPARD: No, in a reclining position.
QUESTION: It has been on a couch?
SHEPARD:

? '/5& rd /

16

at St. Louis, and the centrifuge which will be
Il to 27,000 feet, which is

centrifuge have been in the
then?

That's right, but the couch was molded with Just this type

of suit on (indicating orange-colored flying&  suit being worn by himself),

but the pressure suilt is larger so we need
That's the first step.

a different type couch.
We have training profiles to run

They're

1n simu]

o e iuﬁ.}"m

bt;gg:maﬁhines where you actually provide & pilot input on theé hand

controller, side arm hand controller, around three axes and your input is
matched through a computing system against the known aerodynamic parameters
and moment of inertial parameters of the capsule, various stages of flight.

It is similar to -- well, it is a glorified
operational trainer as we know it now.
computer. We have more to learn about the ¢
going to be taking a very close part in the
Redstone, and, of course, finally the flight

QUESTION: What controls will you have

SHEPARD:
axes of roll, pitch, and yaw are through thg
which are located in such & position on the
with a couple, a rolling couple, a pitching
this is not a pure single jet.

QUESTION: Um-hum --
SHEPARD: And these are controlled eith

pilot, through a fly-by wire system, or strg
hand control.

QUESTION:

SHEPARD: It is similar.
controls run two.

Qur controls

POWERS: A good bit of the Astronauts'

be absorbed in ‘thé process of" making enginee

delivery of the systems we are going to use.

to an area -- subject area of specialization|
Scott Carpenter's is navi

recovery process.
In these specialized areas they are members

people and representatives of the other agen

The primary means of controll

Is this hand control similan

link trainer, it is a glorified

We have fed these things into a

apsule as such, and then we are
mating of the capsule and the
itself.

in flight with the capsule?

ing the capsule around its three
use of hydrogen peroxide Jjets
outside of the capsule to fire
couple, or a yawing couple;

er through an automatic auto-
ight mechanical tie-in from the

to the one we know in the X-15?

run three axes, and their

time in the next few months will
ring contributions to the final
Each Astronaut has beéri assigned
Alan Shepard'g area is the
pation and navigational aids.

of working panels composed of NASA
cies that are involved in the

°
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particular system under study, and they are
meking a contribution to the development an
and this will be -- as these items now come
delivery point, this, I think, will become
been in the past.

QUESTION: After one man has been picki
orbital program, what will be the fubture of
SHEPARD: We all fall on our swords!

QUESTION: Will there be future program
actually is the feeling there?

POWERS:
Now, this is not to say that we aren't look
more sophisticated systems, larger space ve
As far as the future of the seven men are c
any more about their future than I do., You
Scott,

SHEPARD: It looks like we will all ge

CARPENTER: You can fall on your sword
the second try! (Laughter) It loocks like
confines of Mercury, either a Redstone or
pretty safe to say that, if they will have
business from here on out in one form or an

POWERS: I think it would be a great w
doing again while we are conducting this pn
additional national resource in the form of]
who will have space flight experience.

17

, as engineers, actually

d production of these systems,
down toward the delivery line,
more time-consuming than it has

ed or does go into this orbit,
the other six men then?

(Laughter)

med flights for these men, or what

The only thing we have programmed right now is Project Mercury.

ing down into the future into
hicles, deep space penetrations.
oncerned, I don't think they know
might comment on that if you like,

t a ride in Mercury, I mean.

; I am going to stick around for
we'll all get a ride within the
Atlas ride, and I think it's
us , that we will be in the space
other.

aste. Actually, what we are
ogram is creating another, an
seven skilled engineer-pilots

SHEPARD: Next step is an instructor's| role! (Laughter)

QUESTION: Back to the desk, huh?

QUESTION: Will there be another occasion for the Astronauts to return
to Edwards for any type of tests, or Southern California, I will put it that
way.

POWERS: We don't have anything programmed that I know of,

CARPENTER: We have nothing scheduled at the moment.

QUESTION: We are seeing the last of ypu, then?

CARPENTER: This I will have to say is| problematical. (Laughter)

QUESTION: Well, I'm sorry, I should have reworded that. On the subject

of speaking, is
in zero G?

it difficult to speak clear

ly or make yourselves understood
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SHEPARD: No. I had that flight today
of -- not from Shakespeare -- a typical fli
G, and there is no noticeable difference.
the rich, bell-like tones as they are recei
certainly I had no trouble. (Laughter)

QUESTION: They had no difficulty in r
SHEPARD: No, apparently not.
QUESTION: You say you transmitted a p

reading it?

SHEPARD: Yes, what might be a flight
stations as you went over in orbital flight
tions, conditions of the interior of the cal

QUESTION: Another elementary question
scheduled to emanate from on the ground?

POWERS: The launch of the orbital mis
the missions will be from Cape Canaveral, F]
off the Atlantic Missile Range in the South

QUESTION:

POWERS: You would have to ask General

SHEPARD:

In the nose cone? (Laughte)

QUESTION: One more question.
missile take you?

How far

CARPENTER :

POWERS: These are approximations.
rounding it off at about 100 miles.

QUESTION:
weightless condition?

CARPENTER :

what we have been doing here.

QUESTION:
compared to this?

Is General Yates going to lg

105 miles up and 250 out, &

I

Scott, have you done any nay

No, only the ones we have {
include navigation, but it includes mental tasks.
to believe that a navigational problem would

18

where I transmitted a passage
cht report at 1 G and then zero
There may be some difference in
ved on the ground, but

pading you from the ground?

assage. 10U mean you were

report to one of the tracking
as to altitude, fuel condi-
pbin, and that sort of thing.

, colonel: Where is the Mercury

sions, well, the launch of all of
Lorida, and our recovery area is
Atlantic,

>t the press in?

Yates on that.

)

and how high will the Redstone

wpproximately.

think you would be safe in
yigational problems in the

:alked about here, which doesn't
There is no reason
] be any more difficult than

What has been the actual experiences in the centrifuge, then,
What tasks have you perfq

yrmed there?
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CARPENTER: Control tasks, and they ar
cult than this, and thé effeécts of increase
to live Wlth than the lack of gravity.

SHEPARD: TIt's a real pleasure, actual
change after fighting the centrifuge until
eand came out here and actually feel comfort

19

e considerably more diffi-
d acceleration are much harder

ly, to go the other way for a
it whips you or you whip it,
nble doing the investigations.

°entrifuge, how many G's?

h and l6 I think some went

QUESTION: How high d1d you go in the

SHEPARD: As a group we went between l
to 18 G B e R S 8 G SRR

POWERS: Unless there are other questions,

for about an hour and forty minutes. On bel
you for coming, and hope we have been respol
we get back to the west coast, and I am surg
another -- we kind of like it out here -- w¢
of you again. Thank you very much.

(Thereupon, the Press Conference was conclug

R S R I I T s B
we have now been at it
half of NASA we want to thank
nsive to your inquiries. When
e we will come back one way or
¢ look forward to seeing all

led).
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NASA RELEASE NO, 59-278
DU, 2-6325

VANGUARD III TRANSMIT

The tracking and telemetry trans
satellite became silent last weekend,
Launched September 18, the Vanguard I
and scientific data over a period of

zinc batteries had a nominal lifetime

The Vanguard 11I, the last exper

instrumented to measure the earth's m

sun, and environmental conditions in
ice cream cone -- a 26-inch tapered t
sphere -- the satellite was fabricate
The instrumented payload weighs 50 po
casing weighs an additional 50 pounds

During its transmitting lifetime
imately 30,874,000 miles in its 938 o
track station at Santiago, Chile, was
satellite at 9:01 a.m., EST, Decemben
came from Woomera, Australia, which p
at 5:39 p.m., EST.
The now silent satellite is expe

40 years.

SPACE ADMINISTRATION

5, D.C.

For Immediate Release
December 16, 1959

TERS NOW SILENT

mitters within the Vanguard III
according to NASA scientists.
TI transmitted tracking signals
85 days. The satellite's silver-
of 90 days.

iment in the Vanguard seriles, was
agnetic field, X-rays from the
space. Shaped like an over-sized
ube extending from a 20-inch

d of magnesium and fiberglass.

unds; the attached third-stage

, Vanguard III traveled approx-
rbits around the earth, The mini-
the last to interrogate the

11. The last tracking report

icked up signals the same day

cted to remain in orbit up to




Telemetry records from the satelllite are still in the early
stages of processing and analysis. However, scilentists connected

with the experiment report the quality and quantity of data receilved

have been excellent.

- END -~
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CAPE CANAVERAL, FLORIDA, DECEMBE
Thor-Able space probe has been postpo
which arose in final checkout of the
ing was to boost a 90-pound payload 4
earth and Venus,

The scientific package contains
to relay information from many millio
inch spheroid with four solar cell "p
equator, is instrumented to provide m

field and temperature information.

A new firing date for this probe
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esigned to explore space between

n miles out in space, The 26~
addlewheels" jutting from its
icrometeorite, radiation, magnetic

has not been scheduled.
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SPACE -- PAST, PRESENT, AND FUTURE
by
Dr. Homer| J. Stewart

Director, Office of Progr
National Aeronautics

For Presen
American Ordnance Ass
Willard Hotel,
December
I am very happy to be accor
the Washington Post of fhe Ameri
this occasion. I have for many ;
and know of your concern for and
security of the United States --
of military defense, but also in
the economic well-being of the ¢
At Christmas time, particul
kind seems to be the concern of
it 1s also a period of introspec
policies and programs brought on
hearings aimed at determining in
ties should be 1In the new year.
re-examine briefly the national
them, not only in the past and t
reflect an image of the future.
It 1s obvious that the last

changes in our national viewpoin

am Planning and Evaluation
and Space Administration

tation to the

ociation, Washington Post
Washington, D. C.

17, 1959

ded the privilege of addressing
can Ordnance Association on

years followed AOA activities
your efforts on behalf of the
not only in the special line

the broader context of education,
ountry, and international affairs.
arly, the well-belng of all man-
nll. In government operations,
tion and re-examination of

by impending Congressional
detall what our national activi-
Accordingly, I propose to

activities in space as I see

he present, but also as they

decade has produced dramatic

ts on the question of the




exploration of space. I would 1
point, to a series of tests whic
the sponsorship of the Army Ordn
name, "Bumper." This project wa
Jet Propulsion Laboratory, the G
the Douglas Aircraft Company. T
launch a Wac Corporal upper-stag
strate a prototype high-performas
system. As you may recall, the
in demonstrating the feasibility
the staging of rocket vehicles a
of ablative materials for protec
and a method of stabllizing rock
in the vacuum of space. One of
tions of this test to the engineg
the fact that the test showed th;
purely scientific barriers to thg
capable of space flight. The bal
In the general atmosphere p3
most significant result could noi
tops. Indeed, publlic discussion
sidered at that time to be in raf
within the privacy of some scien
tions, such as Rand or the Jet Prq
‘significance of space was dimiy 1
though JPL, working for the Navy,

"had already made studies of sate

Page 2

ike to refer back, as a starting
h were performed in 1949 under
ance Department under the code

s carried out jointly by the
eneral Electric Company,

and

he object of the project was to

-3
-3

vehicle from a V~29 and demon-
nce, multi-stage rocket vehicle
project was entirely successful
of several‘unproved concepts:

t high altitudes, the utility
tion from aerodynamic heating,
et propelled vehicles operating
the most significant interpreta-
er3 familiar with the work was

1t there were no longer any

-

=

constructlion of vehilcles
rrler was engineering.
revailing at that time, this
. be announced from the house
of space a@tivities was con-
ther poor taste. It was only
cific and engineering institu-
ppulsion ILaboratory, that the
recognized. I say'dimly," even
and Rand, for thé Air Force,

»11ite problems.
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Within the United States the first definite step toward

the active exploration of space occurred in the summer of 1955

when the President announced that

we would, as part of our

participation in the International Geophysical Year activity,

attempt to launch at least one se¢lentifically instrumented

satellite into an orbit around the earth during the 1957-1958

period. In our planning to carrsy
decided to do the work on the sma
as a demonstration of the feasibi
as a real beginning of the explo:
The next critical step in 1ir
for the exploration of space camg
passage of the National Aeronaut:
Act established the National Aerq
tion and, as a matter of national
"plan, direct, and conduct" such
for the exploration of space."
out the exploration of space whiq
charter of NASA, and it is this 1
NASA to make significant contriby
the security of the nation -- in

The long-term security of ou

retain the climate of intellectus

y out this commitment we
yllest significant scale, more
11ity of space activities than
ration of space.

raugurating a national program
> three years later with the
lcs and Space Act of 1958, The
nautics and Space Administra-
| policy, directed NASA to

"activities as may be required

It is this instruction to carry

th is the unique feature of the
responsibility which requires
1tions over the long term to

a new way.

1r country requires that we

21 vigor and vitality, which

in the past has been such an important element of our national

strength -- a factor that has produced and has attracted the




best efforts of mankind everywhers
undeniably important long-term re
space must be expected to affect
of all mankind, and we in the Uni
sible role in exploring this new
humanity.

We have by now carried out a
have clearly demonstrated the feas
space. Our scilentific results frg
vinced us that space is an intellg
for scientific experiment, For e
successful launching 1n-January 19
national commitment to the IGY, ds
standing of the outer reaches of 1
from correct. As a consequence, 1
been instrumented to explore in g1
tion belts surrounding the Earth.
step beyond the gravitational fie]
Pioneer IV space probe, launched ]

about the sun.
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-
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The dimly felt but
sults of the exploration of
strongly the intellectual 1life

ted States must play a respon-

ITrontier for the benefit of

number of experiments which
31bllity of operations in
bm these experiments have con-
cctually fruitful environment
xample, Explorer I, whose
D58 formally fulfilled our
emonstrated that our under-
the earth's atmosphere was far
nany of our later flights have
reater detail the great radia-
We have also taken our first
ld of the Earth with our

last March and now in orbit

While we have had many succesgses and have produced much

significant scientific informatior
been fully satisfying because our
and limited in comparison with ths
USSR. The Soviet space exploratiq

formally organized in 1954 when tt

1, our activities have not
scale of activity is small
vt of our only competitor, the
N program, presumably, was

1eir Interdepartmental
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Commission for Interplanetary Communication was established --

four years before NASA was creat

ed. It 1s now evident that their

initial planning called for an aggressive space program so that

highly significant exploratory e
space. In effect, they bypassed
feasibility demonstration -- the

our initial step.

xperiments could be boosted into
completely the small-scale

Vanguard phase -- which was

At the present time our program for the exploration of space

(1)

created on a short-term basis fo

has two principal features:

(2) preparation of more versatil
carry us into a sound program fo:
activities are essential. For e:
from using the interim vehicles

effort on long-term preparation

our position in the internationa
Jeopardized, but, technically, w
some of the scientific factors w
significance in guiding fthe cour
On the other hand, if we were to
on the exploitation of our presel
effort spent on preparing more e:

equipment for the future, we wou

defensible position. Maintaining

using interim capabilities

r the limited uses they permit,
e and powerful equipments to

r the long haul. Both of these
xample, if we were to refrain

and only concentrate our entire
for the future, not only would

Il arena be more greatly

e would have probably missed

nich may well be of great

se of our future activities.
concentrate our entire attention
nt limited capacities with no
fficient and more capable

ld be placed in an even less

> a proper balance between

these two activities is consequently one of our most serious

problems.




In order to serve our inter
are using the upper-stage rocket
and Jupiter C programs. Thus ou
1s dependent on these smaller ro

booster rockets developed as par

example, we have combined the sp

lant rockets used on Explorer I w

what we now call the Juno II veh
Vanguard have been combined with
Thor-Able and the Thor-Delta veh

The largest scientific payl
placed in orbit are the 90-pound
by a Juno II, and the 142-pound
a Thor-Able. Somewhat larger pa
the Discoverer series; however,
are possible only in very low-pe
are not well suited for most spa

One way to compare the effe
figurations with more appropriat
note the ratio of takeoff weight
142-pound Explorer VI, the ratio
proportioned three-stage vehicle
technology, the same as that use
vehicles, would have takeoff weil

4O or 50 to 1; that is, our pre

Page 6

im needs for space vehicles, we
s developed under the Vanguard
r initial venture into space
ckets and the larger IRBM
t of our military effort. For
inning cluster of solid propel-
ith the Jupiter IRBM to create
icle. The upper stages of the
the Thor IRBM to create the
icles.
oads we have up to this date
Explorer VII payload, launched
Explorer VI payload launched by
yloads have been launched in
these somewhat larger payloads
rigee, short-lived orbits which
ce sclence experiments.
ctiveness of these interim con-
ely designed equipment is to
to payload weight. For the
is about 750 to 1. A properly
using our current level of
d in any of our large military

ght to payload weight ratio of

sent exploitation of the booster




vehicle in satellite orbits is 1¢

larly, the Pioneer IV had a net }

for a ratio of about 8000 to 1.

vehicle would produce a ratio of

efficiency of exploitation, in tl}
These ratios show clearly ftl
not primarily limited by the sizg

rockets -- even though in the loi

larger booster rockets. Our pre

in the fact that we do not have

stage rockets to explolt efficiler

rockets as first-stage launching

We are now developing the A

rockets to permit an efficient e
boosters. For comparison it may
high-energy propellant developme
produce a payload capacity in an
of takeoff weight to payload weil
five times as effective an explo
date.

We are also proceeding with
booster which is roughly four ti
Part of the Saturn project envis
rockets to exploit efficiently t
Still longer-term and higher-pen

for later space exploration miss
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»ss than 10% effective. Simi-

payload weight of only 12 pounds
Again, a properly proportioned
about 150 or 200 to 1, and our
his case, is thus less than 3%.

nat our present operatlions are

)

)

of our first-stage booster

ng run we require substantially
sent primary limitation lies

the appropriately scaled upper-
ntly our large military booster
vehicles.

rena and the Centaur upper-stage
xploitation of our IRBM and ICBM
be of interest to note that the
nt used in Centaur is expected to
orbit corresponding to a ratio
cht of about 30 tec 1, twenty-

itation as our best effort to

the development of the Saturn
mes the size of the Atlas ICBM.
ions the use of upper-stage

his very large booster capacity.
formance vehicles are required

ions. A first step toward




satisfylng this future requirement
one-and-a-half million pound thrus
engine which can be clustered to p
which we foresee for the future.
Until we have the upper-stage
to use our present booster capacilt]
able to carry out the more signifi
missions which require precision g
loads. It is also quite apparent
ments are available the cost per p
be inordinately high. It is neces
lengths in miniaturization of equ]
the effectiveness of our overall of
Even with these limitations we
in this interim pericd, whicn will

to produce significant and importay

Ty

our exploration of the nature of ¢
of the ultraviolet and gamma radiaf
atmosphere. We expect to make furi
Infrared radiation characteristics
meagurements of significance to thg
problen.
using a large 100-Toot sphere as a

transmissions.

final phases of preparation for Prg

that

527y

We expect to make some cq

We also expect to i
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1s the development of a

t single chamber rocket

ower the very large vehicles

developments to permit us

y effectively we will not be

cant space exploration

idance and substantial pay-

until these new equip-

pund of payload in orbit will
v

for us to go to great

ipment in order to maximize

peration.

oY

2 expect our flight program
cover zll of the next year,
nt results. We will continue
ne great radlation belt and
cion outside the Earth's

Cher measurements of the

of the Earth and related

> metecrological forecasting
mmunications experiments
passive reflector for radio
e well doewn the road on the

pject Mercury. The capsule




check-out should be nearly complet
have entered the most advanced pha
the suborbital Redstone flights.
this point to note that Project Me
tively low-perigee, short-lived or
have to wait for the development o
standard Atlas vehicle is capable
performance.

In summary, we are carrying o
yielded, and will coﬁtinue to yiel
results, even though we are still
interim nature of our flight vehic
vehicle developﬁents which we expe
efficliency of operation and our ca]
The rate at which we will progress
is of course dependent upon the re
ocur disposal; however, I can assurt
making every effort to make certai:
efficiently used so as to produce
program.

Thank you and Seasons Greeting

NASA Release No. 59-280

bit.
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ed and the Astronauts should
se of their training with
It is perhaps of interest at

rcury redquires only a rela-

Consequently, we do not

f more capable equipment; the

of producing the required

nt a flight program which has
d, interesting and significant
severely limlted by the

les. We have underway the new
ct will increase greatly our
pability to operate in space.
into the exploration of space
sources which are placed at

e you that we at NASA are

n that these resources are

the most effective over-all

rs !




‘Nikes as well as the X248,
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WASHINGTON 23,

NASA RELEASE NO, 59-282
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A four-stage sounding rocket wa
Wallops Station, Virginia, in a join
experiment. The launching took plac

0. C.

FOR RELEASE AFTER LAUNCH
DATE December 22, 1959

8 launched early today from
t Unlited States-Canadian
e at 2:56 a.m. E5T .

Purposes of the rocket launching were:

1. To measure the intensilty of
provided by the Defense Research Tel
of Ottawa;

2. To determine the performanc
vacuum, This experiment, as well as
part of the space sclences program o
Space Administration.

galactic noise, an experiment
ecommunications Establishment

e of the X248 rocket in a
the rocket and launching, are
f the National Aeronautics and

The 48-foot Javelin launching vehicle was programmed to propel

the payload to an altitude of about
the radio signals emarating in space
and it 1s necessary to measure them
450 miles. The 48-pound payload con
receiver which telemetered galactic

The X248 engine, which was the
to be the third stage of NASA's Delt
development. Data on its performanc
ground stations.

Telemetry stations for the expe

560 miles. Galactic noise, or

, are absorbed by the lonosphere
at altitudes above approximately
tained a three megacycle radio
radio signals to the earth.

fourth stage of the Javelin, is

a launching vehicle now under
e also were telemetered to

riment were located at Wallops,

Cape Hatteras, North Carolina, and Cape Canaveral, Florida.

The launching vehicle consisted
Takeoff

TheApayload was estimated to ha
Ocean aboyt 600 miles from Wallops.

- END -

of a Honest John and two
Ieight was about 7,000 pounds.

e impacted in the Atlantic
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NASA APPOINTS CGCNGRESS

David Keyser has been appointed
Officer for the National Aeronautics

serve under the Assistant Administrat

James P, Gleason.

Keyser was administrative assist
of Visc

Kersten of the Pifth District

Keyser will contact members and
House of Representatives on matfers

Prior to his HNASA appointment, h
assisting various city gover
West to organize and codify city ordil

sultant,

Keyser
ille attended
laws degree

schools in Milwaukee and

During

s
i

was born in Milwaulee, Wi
from Marquette Unliversity

World War II, he served w

25, D.C.

FOR IMMEDIATE RELEASE
December 29, 1959

TONAL LIAISON OFFICER

Chief Congressional Lialson
and Space Administration to
or for Congressional Relations,

ant to Representative Charles J.
onsin from 1251 to 1955,

committees of the Senate and
slating to NASA.

-3

-

worked as a municipal con-
nments in the East and Middle
nances,

5c., on September 27, 1918,
rraduated with a bachelor of
in 1942,

ith the Army Air Corps as

communications officer for a P-U7 fighter squadron in the European

theatre.

After the war, he practiced law
the staff of Rep., Kersten,

Mr, and Mrs, Keyser, who is the

Milwaukee, have six children and live

Rethesda, Md,

- END

in Milwaukee before joinilng

former Jane LaBissoniere of
at 7906 Sleaford Place,

3
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PRESS CONFERENCE

Explorer VII
Project Background and Experiments

The press conference waE called to order at 1:30
p.m., Mr. Herb Rosen presiding.

Participants:

Dr. Homer E. Newell, Jr., Assistant Director, Space Sciences,
National Aeronautics and Space Administration.

Mr. Herman E. LaGow, Head, Planetary Atmospheres Branch, NASA
Goddard Space Flight Center,.

Dr. Verner E. Suomi, Professor of Meteorology and Soils,
University of Wisconsin,

Mr. Gerhard Heller, Research Projects Laboratory, Army
Ballistic Missile Agency, Redstone Arsenal, Alabama.

Martin A. Pomerantz, Director, Bartol Research Foundation of
the Franklin Institute,| Swarthmore, Pennsylvania.
|

Mr. Arthur W. Thompson, Research Projects Laboratory, Army
Ballistic Missile Agency, Redstone Arsenal, Alabama.

Mr. Josef Boehm, Guidance and Control Laboratory, Army Bal-
listic Missile Agency, Huntsville, Alabama.

Mr. Harry Carpenter, Operations Manager of NASA's World-Wide
Tracking Network.

Mr. Brian O'Brien, State UniversiFy of Iowa.
!

\
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MR, ROSEN: Good aftérnoon, ladies and gentlemen.

Let me,

on behalf of all those|present, NASA, wish you all a

belated Merry Christmas and a forthcoming happy New Year.

The purpose for bringing you together is to bring
you up to date on the results obtained from ocur Explorer VII

scientific satellite.

Now for the ground rules.

short statement to make. The

they are all on notes,

rough notes.

{

Each scientist has a
tatements are not prepared;
You have decided that

you will have questions and answers after each one of the

statements.

Transcripts of the proceedings will be available

some time tomorrow afternoon.

There are some statements 1 have tc make for the

record as well.

This satellite we are going to talk about, Ex-

plorer VII, was designed to ga
of the U.S. contribution to th
Year. It was the last firing

space experiments. Therefore,
the IGY radiation satellite.

Just to review for y
have occurred: This is Explor
a Juno II booster on October 1
Eastern Daylight Time., The sc
92.3 pounds. As of November 2
miles; the apogee, 673 miles;
velocity at perigee, 17,274 mi
apogee, 16,049 miles per hour.

As I said, each of t
the experiments that they were
like to list for you the compa
were involved. Outside on the

ther scientific data as part
p International Geophysical

of the IGY planned series of
it was sort of nicknamed as

ou some of the things that

er VII. It was launched by
3, 1959, at 11:31 a.nm.,
ientific payload weighed

Bth, the perigee was 346

its periocd is 101.32 minutes;
les per hour; velocity at

he scientists here will review
responsible for and I would
nies and the experiments that
table there are copies of this

project background and experiments.

ABMA was responsible
and temperature measurements.

micrometeorite experiment. T
the radiation experiment. The
balance experiment. The Naval

Lyman-alpha X-ray experiment.
of Franklin Institute; and Res

for the packaging, testing,
NASA was responsible for the
State University of lowa,
University of Wisconsin, heat
Research Laboratory, the
Bartol Research Foundation

%arch Institute for Advanced
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Studies of Martin Company were
cosmic ray experiment.
solar cell and power rings.
radio transmitter timer.
has manufactured the solar cel

Here are the participants.
will be your moderator,

in the center,
director for space sciences of
Development.

Let's see if I can t
¥from my right, Harry Carpenter
world'wide tracking network.

Dr. Martin A. Pomera
nesearch Foundation of the Fra
Pennsylvania.

I know the next one
left your name off of here, or
This is Brian O'Brien of the S
is a native of Australia. He
assistant professors at the Un

Then we have Herman
Planetary Atmospheres Branch,
Center.

Next is Dr. Newell.

Then we have Arthur
Laboratory, ABMA, Redstone Ars

Mr. Josef Boehn, Gui
Army Ballistic Missile Agency,

Mr. Gerhard Heller,

The Ariy
Bulova Watch Company,
Hoifman Electronics Corporation

1s.

3

responsible for the heavy
hy Signal Corps provided the
the

Dr. Homer E. Newell,
He is the assistant
NASA Office of Space Flight

ie names and faces together.
, operations manager of NASA's

director of the Bartol
Swarthmore,

ntz,
nkiin Institute,

is Brian O'Brien -- they have
I can't find it. They have.
tate University of Iowa. He
is one of Dr. van Allen's
iversity.

E. LaGow, who heads the
NASA Goddard Space Flight

Thompson, HResearch Projects
Alabama.

\
enal,

dance and Control Laboratory,
Huntsville, Alabama.

Research Projects Laboratory,

ABMA, Redstone Arsenal, Alabama.

Then Dr. Verner E. S
and soils, University of Wiscg
Now, with respect td
will first have trapped radiat
meteorological data by DPr. Sug
tion by Mr. Heller, cosmic ray
the solar radiation experiment

uomi, Professor of Meteorology

nsin.

the order of presentation, we
ion belts by Mr. O'Brien,

mi,
experiments by Mr. Pomerantz,
being read by Mr. LaGow who

temperature control informa-
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will also talk on the micromete

4

orite erosion, Mr. Thompson

on the solar cell experiment, and Mr. Boehn on the satellite

bearing.

I will turn the proce
Newell.
MR. NEWELL: Thank yq

On behalf of Space Sc
to Herb Rosen's.

The satellite we are
for sometime now has been knowr
or composite radiation satellit
aware, and as will become more
this afternoon, this satellite,
result of a team effort and su
manager to keep it working, ke
project manager in this case i
to ask him to pick up the discy
it,

Herman LaGow.
MR. LaGOW:

Explorer VII was pla
Committee for the IGY, the tec
satellite program under the ch
Porter. It was designed, cons
the efforts of scientists and
tions over the country.

This satellite is in
working in a very satisfactory
assembly and most significant
with an active satellite trans
Already magnetic tape telemete
megacycle transmitter total ov

Today you will hear
experimenters and engineers re
First I would like to call on

MR. O'BRIEN: The ph
University of Iowa has two Gei
these are designed to study th

Eh a team needs an able project

Thank you

$
¥

redings over to Dr. Homer E.

u, Herb.

tiences, let me add my welcome

talking about is the one that

v as the heavy IGY satellite,

te. As you undoubtedly are well

apparent during the discussion
like all others, is the

p things tied together. The
Herman LaGow, and 1 am going
1ssion and follow through with

Dr. Newell.

gy

ned by the U,S. National
nical panel for the earth
irmanship of Dr. Richard
ructed, and launched through
ngineers from many organiza-

a very stable orbit and is
manner, It is a very complex
n having a very long life,
itting scientific data.

ing records from the 20

r 300 miles in length.

progress report from the
ponsible for this satellite.
r. Brian O'Brien.

sics department of the State
er counters. Broadly speaking,
radiation, cosmic rays and

|
|



cS

radiation which doesn’'t fall e
categories, I may state that
perfectly as of now,

For the convenience
separate the research into stu
omena, one of these are called
other short-term effects, By
variations, for example, in th
of the trapped radiation zones
we hope that the apparatus wil
mitter pulse switches off in a
Explorer VII is giving us an e
studying these long-term effec
are long-term effects, I can't
present.

In the area of short
for example, the effect on the
geomagnetic storm. Although e
studied as a single entity, it
general to study several examp

since we are hopeful of gettin
relatively rare phenomencn,

I will discuss three
that we have observed to date.,
in two of these cases we have
of each. On several occasions

|
|
|
|

l

pected long life of Explorer Vi

5

sily into either of these
he apparatus is working

f this, making two will

ies of two types of phen-

ong-term effects and the
ong-term effects I mean
intensity or the position

over metric months. Since
operate until the trans-

out a year, the long life of

cellent opportunity for

s. Equally so, since they

report any of them to you at

term effects we included,

outer radiation zone of the

ch short-term effect can be
is, of course, better in

es of each type. The ex-

I is also an advantage here
several examples of these

particular short-term effects
I do want to emphasize that

o far only found one example

the apparatus has detected

what appear to be bursts of sporadic radiation near the

inner edge of the outer radiat
related to the bursts of X-ray
altitudes, but at present we c
unknown or uncertain,

Another thing we hav
sequence of passes over North
October through to the 20th wa
is related to a geomagnetic st
of October. On the 18th of Oc
radiation which appears to hav
kilometers -- let's call that
center of the earth and that i
belts. This phenomenon is bei
Explorer IV, in which geomagne
being studied, |

ion belt,
5 which are observed at balloon
an only say that the cause is

These bursts may be

found from a study of the
merica from the 16th of
an effect which apparently
rm which began on the 18th
ober only, the counters measured
been generated about 20,000
3,000 miles -- out from the
between the two radiation
g compared with results from
ic storms during 1958 were



The third phenomenon 1
with what we call the Forbush ph
many years people with cosmic ra
have observed a sudden decrease
erally only of a few percent and
over a period of several days.
decrease is associated with the

the sea-level det
energy cosmic rays. Recently Do
from outside Iowa, have flown ba
of the Forbush decrease on somew
radiation and they have found th
for these lower energy particles
energy ones they have observed a

Now,

Now, with Explorer VII
energy particles. We studied on
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MR, ROSEN:

QUESTION:
sir?

MR, O'BRIEN:

The Forebusch decrease;

Are. there any questions?

You say this is a 200 to 300 decrease,

we have the

steady cosmic rays and then there is a decrease in intensity

and then it gradually recovers

over a period of many days,

while the magnitude of that recovery is 200 or 300 percent

on the intensity at the bottom

QUESTION: Would you
are talking about?
MR, O'BRIEN: Yes,

of the decrease.

draw us a curve of what you

I am just going to draw counting rates up there,

and I am going to draw time across here;

cosmic ray intensity would com

then the normal
then

D

-

along here somewhere,

there is a Forbusch decrease which in the sealevel measure-

ments is only a few percent an
covers over a period of many d
to that level again,

Now, in the satellit
which were discovered about ha
so they are rather preliminary
nounced and the recovery is al
have probably got some effect
is 1, this is 2 to 3.

QUESTION: So, you a
cent decrease in intensity at

MR. O'BRIEN: Yes,

QUESTION: Why? Do
MR. O'BRIEN:
only came out half a day befor
very long.
QUESTION;: Any ideas
MR, O'BRIEN; Well,
are studying the lower energy
give us some hints as to the n
to go into those here, They

I told

d then this gradually re-
nys until it comes up about

e, this is 411 purely results
1f a day before I left Iowa,
, The decreasae-is more pro-
so0 more pronounced. You

like this in which if that

re getting a 200 to 300 per-
that period?

you have any theories?

you, I mentioned that it
e I left Iowa, which is not

at all as to when?

it gives us a hint since we
particals here, this does
echanism, but, I prefer not
are a little bit complex.
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QUESTION: As to the mechanism of what?

MR. O'BRIEN: The mechanism which causes this
Forbusch decrease which is assogciated with geomagnetic

storms.

QUESTION: What energy cosmic rays are you talx-
ing about here?

MR, O'BRIEN: These ones involved here in the
satellite are approximately a third of a billion elec-
tron volts, one-third of a billion. This is the American

billion; 10¥ electron volts.

QUESTION: In other words, about 130 Mev?

MR. O'BRIEN: Yes.

Now, these ones here 3are of the order of several
thousand Mev, the sealevel ones, The balloon observations
are somewhere in between the twoa.

QUESTION: What are the earth-based ones again?

MR. O'BRIEN: We can c¢all it ~- do you want it
in absolute measurements or relative?

QUESTION: Roundhouse

MR. O'BRIEN: Ten thousand million electron volts.
And the balloon observations are¢ approximateiy a thousand
million electron volts,

QUESTION: Pardon me, you just said the earth
ones were ten thousand million + you mean ten thousand

electron volts?
MR. O'BRIEN: No.

MR. POMERANTZ: Your earth ones are one to ten
billion volts Mev.

MR. O'BRIEN: Explorer VII; on point 3.

QUESTION: Since these decreases are associated
with geomagnetic storms, is it possible that these new
findings might throw further light on the nature and mechan-
ism of geomagnetic storms and their effects on radio com-
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munications, blackouts and things like that?
MR. O'BRIEN: We are sincerely hopeful of this, yes.

QUESTION: 1Is this an;indication that the source
of these low energy cosmic rays is the sun?

MR. O'BRIEN: I hesitate to make anything as defi-
nite as that. It depdnds on how we define a source, it is
not necessary that the sun actually spits these aut and that
they travel as particles all the way. They might be just
sitting out there in the upper atmosphere waiting for some
effect which is caused by something from the sun.

Now, I would like to point out to you that here we
are indebted to the courtesy of Drs. MacDonald and Weber and
this is a pre-publication result.

QUESTION: Presumably these low energy ones never
reach the earth, is that right?

MR. O'BRIEN: That is right, yes. The atmosphere
acts as a sort of shield here apd this is why the people
at ground stations have been limited for so long because you
have got an effective blanket of the atmosphere over the
earth and only these ones, these very high energy ones, can
get through to the ground level detectors. You go up in a
balloon to a hundred thousand fe¢et, you can see a little
bit better; you go up in a satellite to several hundred miles
and you can get down to this rating.

QUESTION: All of these measurements made with the
VII were made below the innermost Van Allen radiation belt?

MR. O'BRIEN: Yes, these are -- I prefer not to
say so much below as .away from|the radiation belts.

QUESTION: What was the latitude or the inclination
of this orbit?

MR. O'BRIEN: These are all over North America.
We have compared -- we knew that a Forbush decrease was go-
ing on by using Canadian ground level measurements and we
studied Explorer VII measurements over roughly the same
region in space where the trapped radiation was not very
large. |

|

QUESTION: And did yop find that happening just
|
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once to date since the satellite

MR. O'BRIEN: Yes.

QUESTION: In other w
magnetic storm in the interval.

MR. O'BRIEN: We have
found to date. There are severa
have occurred since the satelli

QUESTION: Then do yo
around to examining the records

MR. O"BRIEN: Yes.

QUESTION: 1 see.

MR. O'BRIEN: This 1is
method of attack.

MR. ROSEN: Are there

radiation experiment?

QUESTION: Have you a
the composition of the inneér . an
larly this suspected third lowe
t

MR. O'BRIEN: Well,

considerable discussion among us.

I reported was an enhancement o
the two radiation belts. Now,
our particular sequence of obse
that.

We have goti inner zon
as we move out from the earth.
relatively shallow intensities

Now, in this particul
have found a double hump type o
lasted one day while a geomagne

Now, this sort of thi
of the Explorer IV studies we h

was launched?

ords, you just had one geo-

only got one that we have
I geomagnetic storms which
te went up.

1 mean you haven't gotten
yet?

not an immediately obvious

any more questions on the

scertained any more about
d outer belts and particu-
r belt, the proton belt?

his is still a matter of
One of the phenomona
f the radiation in between
this only lasted one day in
rvations. If I might draw

e here, measuring intensity
We have got the inner zone
coming up to the Alpha =zone.

ar sequence I mentioned we
f thing there which only
tic storm was on.

ng has been found in several
ave been making so this is

not a -- you can't call this a
This whole problem is still bei
down you have got to track here

b

revolutionary new discovery.
ng discussed as to how far
, because you see, all these
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observations are made with dete
little bit differently to the r
conceivable that with some dete
sort of thing.

QUESTION:
that you first made,

What you a
the sporad

edge of the outer belt, is that
to?

MR. O'BRIEN: No, thi
discussed.

QUESTION: Could you

you go into that a little bit more?

sizes of these sporadic bursts

MR. O'BRIEN: I have
you probably won't be able to p
over North America again, the o
gain intensity versus time. Th
scale, with that being one minu
This type of scale now, not a m
here. We have got the outer zo
is as the satellite moves south
here in time, we have also got
equator. The outer zone is at
down from it we find peaks of 1
rough sketch, but these may be
size of peak may be as large ad
background radiation and the ac
are only of the order of second
could take as a working average
approximately thirty seconds, g

Now, it could be sing

in space as we are moving south,

as passing through a sequence 0o
think at this stage -- but this
tation and as yet we have got n

11

ctors which respond just a
diation and it is quite
tors you will get this

re discussing now, the point
ic radiation near the inner
what you are now referring

5 is the second point I

go to the first point, could
What are the relative
and so forth?

a graph here, 1 don't think--
ick it up. These occurred

nes we found. ' We thought the
is is now on a very short

te, that being two minutes.
atter of many minutes as

ne comes up like this. This
so that we have got a plot

a plot moving towards the
high latitudes and as we come
his form; this is only a very
almost twice as large, The
the size of the more or less
tual widths of these peaks

s, perhaps ten seconds you
and they are separated by
something like this.

s
r

this is also a distribution
you might interpret this
zones. We are inclined to
is purely personal interpre-
o convincing evidence of

€

£

this -- we are inclined to think that these are bursts in

time rather than bursts in spac
a certain Greenwich Mean Time 1
radiation there

b

QUESTION: Could thes

the sun?

e, simply because this was
hat we happened to count that

e be bursts of protons from
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MR. O'BRIEN: They are unlikely to be protons, but
even there I would be -- at this stage we cannot answer
that definitely.

QUESTION: These were observed at times of solar
disturbance?

MR. O'BRIEN: Yes, this may or may not be fortui-
tous, we just can‘t tell. Actually, if you are interested,
one of these occurred a few hours before we saw this, this
latitude enhancement. In the other case, this one occurred
when wesaw no low latitude enhancement.

QUESTION: I would like to transfer this over to
Dr. Newell, whether this doesn!t tend to confirm Malcolm
Ross; that these: outbursts of protons from the sun might
produce hazards to any outer space travel for man?

MR. NEWELL: If I could answer that question on
a broader basis than which you|/put it. All of these things
that we are looking into are leading to a broad picture of
what's going on out in the region around the earth, and al-
though when the radiation belt was first discovered by
Van Allen one more or less felt here was a single radiation
zone; then later he determined two zones, and now we find
that even that has structure, that if you look at this in
different energy regions you find zones of particles of
those different energies. We are now getting a very compli-
cated picture of which this is|a piece, and the next measure-
ment will be another piece, and so on and so forth. So,
when you ask Dr. O‘Brien here whether these are protons from
the sun you ask him to try to fit this observation into a
big picture that he as yet doesn’t have. This is why he
says that you can't be sure. This has to meet a lot of
tests.

Now, if I may come back to your specific question,
the more of theenergetic particles we find, the more protons,
particularly energetic particles we find the more of a
hazard we find for explorers who are going out into space,
so that if this does tie in with Mal Ross' observations
and Winkler's observations, my answer is, Yes. My view,
if this does tie in. We have got to tie it in.

MR. ROSEN: May we cut this off and go to the next

speaker?
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MR, LAGOW « ezt I would lilze to ncor row Do, Yoraoa
Svomi drom the University od Tisconsin on the radistion ucolonce
experiments.

DR. SUOHI: Heteorological experiments on board tue
srplorer VII measures the taermnl radiation budgeis oi tie
ccrtn below, Radiation in tais case is merely the lighkt sond
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However, it is also possible to relate the changes
in long-wave heat radiation on the dark side of the earth

to positions where cold or warm

Fir exists.

If this comparatively &rude experiment can do this,

more sophisticated satellites no
construction can recognize storm
side of the earth,

We have also noted tha
heat loss over an area about the
is about as large as the average
pole, What I am trying to say i
one gets large changes in the he

In addition, mass ball
U. S. Weather Bureau carrying ra
have allowed us to make comparis
mission,

The engineering portio
and many individuals who contrib
periment deserve our heartfelt ¢
a -chanee to look at the forest a
as the radiation budget is conce

forward to this interesting phase

MR, ROSEN: Are there

QUESTION; Could you
I did not quite follow about ove

being planned and under
systems even on the dark

t the variation in radiated
size of the United States
variation from pole to

s that just over small areas
mt loss from the earth,.

oon ascents sponsored by the
diation measuring instruments
on with the satellite

n of the experiment is over
uted to the over-all ex-
hanks. Now we are getting
s well as the trees as far
rned and we are looking

of the experiments.

any questions?

repeat the statement which
r the United States,

areas of the United States you were getting heat loss

equal from the poles?

DR. SUOMI: What I am
-one were to make a plot of the a

trying to say is that if
hange in heat loss from

equator than the poles. The di

ference is about 25 per cent.

the earth from pole to equator #e lose more heat over the

But even over a small area of the United States the
heat loss from the earth goes through an undulation about
the same size as the average chinge from pole to equator
not as large as the whole change but a large fraction of it.

equator?

|
QUESTION: You say w# lose more heat from the



cm3

DR, SUOMI: Yes.

QUEST ION: This is no

Would you expect this?

DR. SUOMI: Yes, we wo
are after in this experiment is
to weather effects which might o

For example, last Nove
cold; however, December was rath
difference must ultimately be re
of the temperature, this in turn
as distributed around the earth.

Some of this is caused
from the sun, to be sure; the ot
is also redistributed by the wea

S0 one can make an ave
they have to balance out, but if
on a short time basis this will
the processes,

QUESTION: You have a
apparently and you also have wea
preriod of time.

Is there any prelimina

DR, SUOMI: Oh,yes. 1
and look at the satellite record
the variations in the satellite
but you can see that at this sta
because the key to it is to go i
to take the variations measured
are things below.

At the present time we
relationships, we really need to
increase the confidence in them.,

QUESTION: Going back
did you record a high loss of ra

15

t very astounding, is it?

uld expect this, but what we
to see if we can relate this

ccur,
Eber up in the Mid-West was very
r mild. Now, this weather
lated to the distribution

must be related to a heat

by the input to the earth
her is by its loss and this
ther systems themselves.

rage picture for a long time;
things do not balance out
give us a key, I think, to

number of these readings
ther bureau records for this

ry tie-in between the two?

f I look at a weather map
it is possible to relate
record to the weather map;
ge I am not very confident
n the reverse direction;
by the satellite and say there

just are finding these
have much more data and

to this, In November,
diation of heat in the

earth's surface in the Midwest a

DR, SUOMI: We had a ﬁ

i
b

rea?

ituation where cold air was
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In the Northeast, with a low in the vicinity of Wisconsin,

and warmer air to the southwest.

in the northeast, passed from
change in radiation, this was
heat loss from the earth went
it passed over this boundary.

As the satellite passed
southwest to northeast, the
all at night, the change in
through a violent change as

|
This was also in agrefment with the radiometer sounds

released by the weather bureau.

So, there is this relationship

between air temperatures and tyFes of air and the records

recelved by the satellite.
MR. ROSEN:
QUESTION:

regards the non-sunlight side

DR. SUOMI:

experiment really was designed
Actually upstairs
so to speak, we Jjust barely hav
to detect variat
associated with

large area.

device is able
from the earth

This

satellites are placed in orbit
and so on on the

cloud patterns
well as on the sunlight side.
QUESTION:

from Explorer VII?

cant or was it a =--

MR. ROSEN: I am sorry;
with --

DR. SUOMI:

all with any of our measurement

occurred at the same time.

MR. ROSEN:

area, too, Peter.

Does that

I think yo

Could you
from that picture that we were
Did that sh

about do it?

indicated that even as
the earth, the satellite

What I am|trying to say 1s that this

o look at the earth in

e do not have a camera,
film, but even this crude
ons in the radiation pattern
eather.

}
1
o
has made some findings with regards to the heat budgets.

t will be possible to obtain
dark side of the earth as

\
means, then, thaﬂ as our more sophisticated

\
istablish anything further
xposed to at one time

Qw up to be rather signifi-

did it tie in at all

Idon't even know if it

I have no% attempted to tie this in at
?

|
|

They cert%inly over a different

QUESTION: That was ov%r the Pacific, yes.

MR ROSEN:

Are there any more questions?

MR. LAGOW: Next we will have Mr. Gerhard Heller,
¥

|
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from the Army Ballistic Missile |Agency, tell us about the
temperature measurements and the heat balance on the
Explorer VII,

MR. HELLER: The temperature problems of Explorer VII
are two-fold, firstly, the design of the satellite has to
assure proper functioning of all instrumentation within a
specified temperature range of zero to sixty degrees centi-
grade and secondly, the second aspect of the termal
problems is that six temperature measurements were placed
as part of the scientific experiments. I am going to
talk first about the thermal design problems.

A new concept has been used in the thermal
design of Explorer VII. The instrument package is insulated
from the rest of the satellite, however; the two conical
halves of the satellite shell ave allowed to exchange heat
by radiation on the inside.

The basic principle of thermal control used is
a passive system. That means that it operates without
any moving parts. The central instrument column is covered
with gold foil and the internal middle parts are highly
polished and minimized with heat radiation transfer.

On the other hand, the fiber glass shells are
painted on the inside with a titanium paint with a high
infrared passivity.

This concept has allowed to minimize temperature
extremes of senders located in the skin of the solar cell
packages and of the transmitter inside the instrument column.

Temperature measurements evaluated from the
records of the ABMA tracking station have shown during
the 78 days of operation a minimum of the transmitter
temperature of 16 degrees centi;rade and a maximum of

41 degrees centigrade. |
|

The maximum occurred during the period of 100 per
cent sunlight from the fifth to the tenth day after launch-
ing.
|
It is reasonable to eipect that the temperature
will stay within the design limits throughout the active

life time of the satellite that is hopefully one year.

Variations are mainly |due to the time of sunlight
during each revolution and due to the changes of the
position of the sun with respect to the attitude of the
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satellite axis in space. The firing time of Explorer VII
has been selected such as to minimize the angular deviations
of the sun from the satellite equator.

I might add it actually will not stay constant
but will, the position of the sun will oscillate in
sinussoidal fashion around the mean position at the equator
of the satellite.

In the time span from first of November to 15th
of December the temperatures of the transmitter stayed
almost constant at 18 degrees centigrade with variatons of
not more than plus or minus two degrees.

Presently Explorer VII goes through another period
of 100 per cent sunlight from the 25th of December to the
first of January.

The temperature requirements for the instrument
package are determined for the upper limit by the trans-
mitter and the batteries and for (the lower limit by the
batteries that would freeze out if the temperature drops
below zero degrees centigrade.

The solar cells would allow higher temperatures
than 6Q degrees; if not, their power output will decrease
with increasing temperatures.

In addition to the effects of the sunlight-
shadow periods and the attitude of the axis to the sun,
other important factors on the thermal problems of satel-
lites are the variations of the radiation environment
from sun, albino and earth radi%;ion and the change of

surface characteristics to the exposure through the en-
vironment of space.

|

Now, to the second part: The experiments of
Explorer VII include the measurement of fixed temperatures
by senders whose output is transmitted through the telemeter. ..
on 20 megacycles. Besides the transmitter temperature or
diminution the following temperatures are monitored in
a continuous sequence,; skin, solar cells, batteries,
Geiger Mueller tube and a hemispherical sender of polished
gold on the satellite equator., |

|
All experiments are working well and a tremendous
amount of valuable information is obtained from the telemetered

records of the tracking stations
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Evaluation has been started on the temperature
data of the ABMA tracking stations. Correlation with data
from other stations and with results of the University of
Wisconsin radiation experiment is in progress.

\
Results from the analysis of the thermal experi-

ment will increase our knowledge of the environment in
space and its effect on satellites and will in turn allow
us to improve the thermal design of future satellites.

Up to now Explorer VII has given the most
complete data coverage of temperature measurements, the
experiment is considered very successful.




MR. ROSEN: Peter?

QUESTION:
in the temperature measurements
you possible suggest for a futu
I say it may lead to improvemen
wondering if you found any fail
could be improved so far?

MR. HELLER: Well,
worked quite satisfactorily,

acg
bu

satellite as such will increase.

to now design down the temperat
difficult requirements fulfille
help us do that.

QUESTION: You said s
that the active life of the sat
You meant one year for giving o

stand it, the lifetime of this
isn't it?
MR. HELLER: The life
MR. ROSEN: There is

transmitting in about a year.
QUESTION: Could you
this inner and outer shell?

MR. HELLER: I don't
see it. The satellite, what I
cylindrical part in the middle;
this axis, so this corresponds
upper shell and this is the low
pose of assuring this radioacti
the other is to minimize temper
during the oscillation it makes
position is at the position now
here and almost no light would
would run considerably hotter t
again this would affect all tem
satellite.

This rate of transfer
it's quite interesting to learn
design that it could not be con

20

Based on what we have received so far,

, what improvements would

re satellite such as this?

t, obviously it will. I am

ures or anything that

tually this thermal control
t requirements for a future
We will very likely have
ure 'limits and have more

d. So this information will

omething about you hoped
ellite would be one year.
ut information? As I under=
aloft is about twenty years,

time is much longer.

a timer in it to make it stop

draw up a little sketch of

know whether everyone ; can
call equator is this short
well, it is rotating around
to the equator; this is the
er shell; and the main pur-
ve transfer from one side to
ature extremes. The sun
around this equatorial mean
; right now it's somewhere
fall on this, and this shell
hen the lower shell, and

perature extremes in the

is considerable. Actually,
during the process of this
ducted from one side to the
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other even with very heavy copper bars.

fer is quite effective,

MR. ROSEN: Yes, Al,
QUESTION: You menti
might be necessary to future

a 25-degree variation to be ve

gsatellites.

21

The radiation trans-

oned a little closer control
This appears to me,
even much smaller

ry small,

than you will find in a few thousand feet on earth.

MR. ROSEN: Did you

MR. HELLER: That is
transmitter temperature, the i
favorable position. Now, othe
higher and also lower at diffe

QUESTION: Do you ha
low skin temperatures?

MR. HELLER: Yes, we
tate to quote these for this 1
complete cycle which we try to
we just -~ the temperatures of
extremes, go up and low, to ev
ing, so any point we have meas
picture because it's just an a
curve, What we try to do is t
where we fed in information, c
acquired certain confidence th
makes sense.

QUESTION: Could we
not complete?
MR. HELLER: Well, t

able in a form. You certainly

mention that?

right, at present this is the
nside, which is now in a
r temperatures definitely are
rent parts of the satellite.

ve figures for the high and

have some figures. I hesi-
eason, so far we have not a

get from all stations so

the skin go to quite some
en temperatures below freez-
ured does not give a complete
rbitrary point of such a
o run a computing program
orrelated this, and then we
at a specific measurement

have those even if they are

hey are presently not avail-

could have them.

MR. LA GOW: They could be made available?
MR. HELLER: They could be made available.
QUESTION: Could you give us a rough estimate,
your memory of it?
. MR, HELLER: We have[temperature measurements on
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\
the skin -~ maybe I can sketch it somewhat.

A typical cycle of a %kin temperature during one
revolution would look somewhat|like this, this being the
shadow area and we enter sunlight, we have a steep rise and
the maximum is not at the end point, at the end of the
shadow again because the maximum is where all radiation
total is at a peak including thi albedo and we have a drop
of the albedo in this region. nd then, of course, a steep-
er drop up in the shadow,

Now, this picture is igain dependent on the
attitude of the satellite with respect to the sun; so, .
actually if we would plot the curve for the next day, it~
might be somewhat different. Also, we have additional
changes that this shadow period|changes, so in 100 percent
sunlight all temperatures are higher and it almost goes
through a cycle like this. What we have obtained are, of
course, points here, here, hereT and so on.

Now, I'11 quote a figire which I said cannot
give any detailed figure, cannot get a complete picture.
We have a value like this and we have values as low as
5 degrees centigrade, this 53. |But again we do not know
exactly. I put these arbitrarily on the curve here. We
do not know exactly where theylare and how they correlate,
and so if you obtain informatio% it will ©be very sketchy
and will be hard to get togethe* what it actually means.
What we are trying to do is to e¢stablish such theoretical
curves and get, then, measurements that would follow this
specific computed curve. We expect some deviations from
these to the weather variations| and others, and hopefully
we can also explain these by correlation with the radia-
tion equilibrium. But unless we¢ have done this, it is a

very sketchy picture. j
\

MR. NEWELL: I might nake a general comment:in
here that when the satellite bu%iness began, one of the
main problems was the question ¢of whether one would be able
to control temperatures,and the:serious question was
whether one would be able to coﬁtrol temperatures in the
interior of the satellite in wh%ch batteries, transistors
and cther equipment would operat¢ properly. The results,
success of this satellite, and on others, indicate two
things: one, that we have been ible to handle the problems
that we faced so far; and two, iooking forward to the
future one may expect to be ablé te produce temperatures
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in limited regions, in cavities, for example, in Deer Flasks
that stay constant for a fraction of a degree for such
things as velocities and so on.

MR. ROSEN: All right.
MR. LA GOW: Next we will have Dr. Martin

Pomerantz describe the heavy cosmic ray experiment that he
and Dr. Philip Schwed have done.
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today for a group con51st1nn of the group oif hilip Scawed,
who is in the audience and the late Dr. Gerhart Groetzinger,
who passed away before this satelllite was launched.

This experiment was designed to investigate the
consist of heavy atoms
endowed with very high

\

\
\

R. POMIRANTZ: am Emply acting as spoxesman
heavy primary cosmic rays. Thes
stripped ofexternal electrons an
energies. |
i

They come from the far'reaches of our galaxy

and aave traveled vast distances'through interstellar

space before reaching us.

We can learn much of fpndamentul interest by
studying their characteristics. | For example, the chemical
composition of the sources of cosmic radiations re-
flected in their abundances.

rays can withstand the process whereby they acquire
their energies without Spllttlng any theory of the
acceleration mechanism must accol nt for the characteris-
tics of this component,

T
|
It is remarkable that ?eavy primary cosmic

Furthermore, the fact that they have survived
their long journey yields information about conditions
in cosmic space. The particular fraction which we have
set out to study comprises those elements heavier than

boron on the periodic table, {

We wished to determineithe energy distribution
of these particles, that is the population in terms of the
energy, and the possible changes with time.

For the former purpose it is necessary to know
witiz considerable accuracy the variation of their rate
of arrival with geographic locat on,

record

The day,/ is accomplisned obviously by
monitoring the rate of arrival at fixed locations over
extended periods of time such aS’lS feasible with this

particular satellite. |
|
|

The detector cmployed is a so-called pulscd
ionization chamber, and its use enablcg us to select by
“eans of appropriate electronic cerv1x cogsmic rays. the
hecvy primary cosmic rays, cven 1n the presenceof a nmuch

|



larger background of radiation o
first occasion on which this sor
in a satellite experiment. It I
adapted to this application beca
sensitivity and a great capabili
against interfering effects with

The associated electrg
a pound in weight and is actuall
of the detector itself, performs
laboratory equipment fifty to 10
results to date have shown that
was indeed attained.

Specifically we have D
preliminary representation of th
mentioned before, this has been
how the rate of arrival depends
of the satellite and, for exampl
the counting rate is approximate
it is at the equator.

It may be remarked tha
making such a large scale survey
of the great advantages of a sat
gationsof this type.

This device permits a
of the effects of the earth's ma
rarticles approaching the area 1
for a number of very practical »
communications field.

Fluctuations in intens
with stormsin the sun have been
been studied in any detail.

Ve cxpect that the fin
fluctuations will exist in our u
of solar influences on cosmic r3g

o

I other tiypes. This is the
t of detector has been used
as proved especially well
use it combines a high

ty for discriminating

an extremely low weight.

nics, which is less than
y a fraction of the size
the function of

0O times as heavy. The
the desired performance

een able to obtain a
e energy dependence.
accomplished by determining
upon geographic location

e, at high latitudes

ly ten times as large as

o

AA‘A»D

t the capability of
at a rapid rate is one
ellite vehicle for investi-

very critical examination
gnetic field one charged
nd this is very important
easons, especially in the

ity probably associated
observed but have not yct

lal analysis of these
nderstanding of the effects
diation.

In particular, we shall be especially interested

in seeking to detect any heavy nuclei

the sun -- an occurrence known

emitted directly by
o transpire in the case

of hydrogen, the most abundant component of cosmic radiation
obtained when a very intense part of the trapped radiation
helts are considerably higher than normal.
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The increase is much s
by other types of detectors used
belts. The existence of this re
appears to be of considerable si
the nature of the particle in th
initiated further investigations

As of the present mome
data and the calibrations have n
are required to study the subsid

MR. ROSEN:
give energies?

Is your i

MR, POMERANTZ: It is
particles which have an atomic n
minimum value. Carbon is the 1i

No.6, and the particles which it
particles, that is the particles
of light.

It would reject the 1la

QUESTION:
the heavy nuclei?

Aren’'t you

MR, POMERANTZ: Well,
procedure to cause the energy pe€
in the nucleus, these heavy nucl
nucleus comparable with the nucl

This mean, for example
that the highest energy one woul
B it, 56 times the energy =-- wha
is, as compared with the proton.

QUESTION:
and what are they?

Howmany ele

Well,
and

MR. POMERANTZ:
carbon, nitrogen and oxygen,
there are three regions.
one can then determine the whole
tation. The lowest one is 6,

P>

One cannot get a very

minimum atomic numbers.

C”
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maller than that registered
in the studies of the
sidual counting rate
gnificance for understanding
e belt; and we have
to explore the possibility.

nt we have not had enough
ot been performed which
iary question.

nstrument calibrated to

calibrated to detect

umber larger than a certain

ghtest, z equals 6. atomic
detects are relativistic
moving with the velocity

wer energy particles.

r most powerful cosmic rays

if we talk about the usual
r nuclei, per particle

ei have energies per

eus.

,‘for an atom like iron,
d be able to carry, what
tever the atomic weight

ments haveyou detected

there are groups of
heavier. In other words,
so that
gpectrum within that limi-
and 16. roughly.

sharp cut off in this

calibration because of variation in path length through
the chain and things of that sort, but these are the ranges.

|
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QUESTION Jave you dptected iron?
MR+ OUIRANTZ Cne cannot specifically say whether
there is a nucleus of iron. but there have been particles

with atomic numbers larger than QG. some of which certainly
could have been iron. |

1
There is no way to idertify them,

QUESTION: WVell. carbob nitrogen and oxygen
are the only ones you can deflnlﬁely say you have detected.
is that right?

MR, POMERANTZ. That is the lower limit, carbon
is the lower limit. In other words  the lowest channel
would detect everything heavier than carbon. the next
lowest channel would start at a Eigher place. so they are
not mutually inconsistent 1

In other words if a pbrtlcle is iron. it would
send off all three channels.
|
QULESTION jow would you relate the study in
which you were involved the experiment in which you were
involved as it relates to communhcatlons with that of
Mr. O'Brien? |

MR POMERANTZ. Vell, ohe of the uses, if I may
use that term, of cosmic rays is| that they serve as a
probe having passed through the #egions surrounding the
earth, so they go through all sorts of magnetic¢ clouds, ,
magnetized clouds things of that sort, which on occasions
can inhibit cosmic rays prevent}them from reaching the
earth. |

In this sense it is ofigreat interest to compare
the changes of the type that Mr,%O*Brien has discussed
with those on the heavy nuclei which represent the much
different energy range of particres‘

\

So, in this sense the jnvestlgatlons are quite
related. One point which I should emphasize is that we
know that the earth's magnetic f}eld we understand how
the earth'’'s magnetic field affects the orbits of incom-
ing particles and recently we have begun to understand
that the ideal conditions that w%uld apply at the earth's
field could be represented by a bar magnet. by a dipole
breakdown, and it is of great interest to investigate this
in detail. the departures from this ideal condition.

i
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Now, these particular leavy nuclei, since the
detector is not so susceptible  to the variations of

altitudes thatother detectors
excellent method of studying,

re, afford one an
f plotting essentially

the places where a given magnetic field exists.

In other words, isom

QUESTION: There ha
poss;bllity of primary cosmic
to life on the moon,

Is your experiment 1
this?

MR. POMERANTZ: Well
area beyond our competence, al
to indicate how many of these
what their energies are, and t
question to decide whether the

I will say this, tha
nuclei as compared with the pr
ionize very much more densely
proton would since the ionizat
to the second square, zz, sc i
they are very intensely ionizi

What the effect of t

QUESTION: Have you
and what energies they are?

MR. POMERANTZ: The
like the one per cent of the t
that is the galactic intensit
of the radiation belts.

That number is rough
meter per second; so this woul
that, this is a ball park figu
are with respect to the earth?

|
kgnetic lines, essentially.

?
E been some question about the
radiation being detrimental

ikely to shed any light on

, I am afraid this is an

1 our experiment can do is
particles there are and

hen it becomes a biological
re are such effects.

t the characteristic of heavy
otons is that they would

in a limited region than a
ion goes as the atomic number
n terms of ionization

ng.

his is I would hate to guess.

any estimates on how many

heavy nuclei comprise something
otal cosmic ray intensity
y, what you would find outside

ly one per square centi-

d be one per cent of

re, it depends on where you
s magnetic field, so tey

are not very plentiful in terms of the intensities that

you would find, say, in the r
reason one is hopeful that the

adiation belts, for this
y may not do very much.

QUESTION: This esﬁ
I think is one that was made b

MR. POMERANTZ: Yes,

of one per cent
this was sent up.

imate
efore

this one per cent is ~- this
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order of magnitude is certainly
is certainly not a ncw result,

aern
DESY)

Qul
that estimatce?

ION: You have n

MR, POMERANTZ: No; I

29

fwell—established and this

bt found onything to disturb

would say that the kind

of counting rate is consistent with the expectation

on that ground.

QUESTION: Does that
also?

MR. POMERANTZ: In te
we measure is$ essentially the p
of energy and we find that the
something like onc over the ene

bold true for energies

pulation density in terms
energy spectrum goes roughly
rgy; this is very crude.

Inother words, there would be ten times as

many particles above a billion v
the particles, as above ten bil
order of magnitude. That 'is ve

IR. O'BRIEN: Might
which may or wmay not clarify th

One of the particular
cxperiment as I see it is that
of these heavy primaries have b

You do not get heavy
they fade out so you have to go
rockets. Balloons will only st
very favorable to you for 24hou
present experiment is just goin
collecting these hecavy primarie
is quite a fundamentalimproveme

MR. POMERANTZ: Thank

plts, if you take all of
lion volts, that kind of

ry crude,

I add somcthing herec
ings?

advantages of Dr. Schwed's
previous observations
een made with balloons,

primaries at sea level;

up in balloons or

ay up there, they are being
rs or so. Whereas this

E to go whirling around

s for about a year and this
nt.

you.

ms of energy, we find that what
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MR. LA GOW: If there |
we will go to the solar radiati
Dr. Friedman and Dr. Chubb coul
Naval Research Laboratory,

that |[sponsored this experiment,

30

are no more questions on that,

n experiment. Unfortunately,
not be here today, from the

SO

Dr. Chubb prepared a statement which I will read to you.

The solar radiation ex
been responding almost exclusive

periment in Explorer VII has
ly to trapped particle radia-

tion rather than to X-ray and Lyman-alpha radiation from the

sun. One can conclude from the

experimental data that an

experiment to monitor solar X-ray radiation must either be

carried out below an altitude of
must be provided to protect the
from incident electrons. Despit
trapped electrons.
be

QUESTION

attempt to put up that experiment,

MR LA GOW: Well. thi

In other words.

300 miles, or that means
thin window radiation detectors
e the problems associated with

it is felt that valid solar data may yet
obtained when records from the Pacific are studied.

After all of our futile
it didn't work?

S is not completely true

yet because¢ only a portion of the records, a fairly small
portion of the records have been examined and I would like to

ask Brian O'Brien tc ccomment on

MR. O'BRIEN"
point in putting our apparatus
radiaticn
of trapped radiaticn
we get,
measurement because this trapped
with it. So they just have to
actually sort through so as to
is no trapped radiation or negl
hitting their detectors So al
in that it reduces the total pe
effective, although I use that
bit of a dubious way, I think t

”

this point

As you may have gathered, our main

p is te study the trapped

Now. we are gettingiquite a lot of measurements
Unfortunately,
this means that the sclar detectors don't get a

for every measurement

radiation is interfering
nalyze their data and

lect periods in which there
gible trapped radiation
hough this is a nasty thing

ord "'effective" in a little
ey are always effective,

%centage of time that we are

although the trapped radiation aoes reduce the time of measure-

ments,
just a smaller amount.

MR. NEWELL: To pick
raised the question by saying.
successful . "

tlt was put up and it is not
You recognize tha#

nevertheless they still have times of measurements,

his point up further, you

the orbit of this satellite

is eccentric and there are portions in which the equipment
is below the radiation belt enohgh to get the data they were

after originally.
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They just haven't worked out this part yet. When
they do they expect they will have what they were first after.
But now in addition they are getiing information on the radiation
belt, in particular, since the ionization chamber continuously
Plcks up these radiation belt particles when it is in the belt,
it will give you quite a bit of ﬁnformatlon on the structure
of the inner part of the radiation belt. So if you want to
look at it another way, this is belng more successful than
we had expected, |

QUESTION: I didn't mean to be critical. I just
meant it was one of the first things we were going to put up.

MR, NEWELL: It had a long history of putting it up.

QUESTION: What do youimean by getting information
of the structure? |

MR. NEWELL: You see, *f it is recording the radia-
tion belt particles, as long as 1t is in the radiation belt
and drops down to a different counting rate as the satellite
comes out of the radiation belt, this then, you see, will
give you the location of the lowér edge of the belt. If you
have this over a space of time, you have some interesting
information.

MR. THOMPSON: This also gives you some look at
some low-energy radiations which are not picked up by the
van Allen counters.,

MR. O'BRIEN: I might add that we can't lose from
those, because Dr. Pomerantz and’Dr. Schwed are measuring this
for us with their detectors and some of the Naval Research
Development people. So we are qute happy even though a little
bit apologetic that things are confusing; they are issues.
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MR. ROSEN: We have gdt to move a little bit
faster,

MR. LA GOW: I will rdport on the status of the
micrometeorite and the erosion experiment. This experiment
is conducted to evaluate some of the hazards in the space
environment . It consists of thﬁee evaporated cadmium
sulphide conductors which are coWered with thin but optically
opaque films. The erosion of thpse surfaces by either high
velocity molecules or impacts from micrometeorites would
produce openings in the covers. {The admitted sunlight would
change the electrical re51stance‘1n the cell in proportion
to the area of the hole.

Analysis of the telemerenxirecords to date are
incomplete and an examination of selected records from the
first months show the following:

|

1, that approximately Ene ~half of 1 percent of
the area of one cell was admitting sunlight. This punc-
ture occurred during the launch phase and hence is not
expected to be from a mlcrometeoEite. No further penetra-
tions or erosions have been noteﬁ to date. The telemetry
equipment in the cell, and the tbmperature sensor, to
measure the temperature of one oE the cells, has functioned
properly.

This experiment was telemetered on the 108 Mc
tracking transmitter which was last tracked on December the
4th this year when its chemical batteries were exhausted.

QUESTION: 1 wonder, w#uld you clarify that one-
half of 1 percent. Did you say one-half of 1 percentof
the -- |
MR. LA GOW: Of the tofal area of one of the cells.
QUESTION: What size would that be?
\

MR. LA GOW: The cell is 3 millimeters in dia-
meter. |

QUESTION: What do you|suppose that --

MR. LA GOW: Very small.

QUESTION: What do you|suppose that puncture could
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have come from?
MR, LA GOW: I don'tiknow, yet.

QUESTION: Well, I know you don't know, but is
there any wild idea or theory on this launch phase?

MR. LA GOW: The reason I say I think it's
associated with the launch phase is because it happened
so quickly after launch and there not being subsequent
punctures. It could have been a dust particle from the
vehicle, possible.

MR, ROSEN: We move on to the next one.

-MR. LA GOW: Next, I Mould like to call on
Mr. Arthur Thompson from ABMA tb report on the uncovered
solar cell operation.

MR. THOMPSON: I would like to point out that I am
not personally the sponsor of this. It is really a group
sponsorship, ABMA and some of the people from Fort Monmouth
Signal Corps Agency. _. The ‘objective. -of this experiment
was to determine the effect of space environment on un-
protected solar cells. The reshlts so far on the objective
of this has indicated that the cells are operating properly
after ten weeks of operation 1nythe unprotected space above
the earth. However, you have gopt to point out here that
the apogee of this satellite israbout 673 miles, this is
below the, say, the lower radiation belts as they are de-
scribed generally. Of course, we have lower energy ones
as we note from the NRL experimént down to where we are,
but the cells- them®elves are not being exposed to the high
energy particles that are trapp%d in the radiation belts,
so what we are doing is actually proving that the micro-
meteorites, after ten weeks, haten't seriously affected the
cell. |

goes to a much higher altitude to determine the effect of
radiation.

It will take an exper#ment on a satellite which
That is all I would have on that.

MR. ROSEN: Bill?

QUESTION: You mean tﬂat the quartz crystal

window that we have used or are using for the protected
cells also offers protection agalnst radiation as well as
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against micrometeorites.

MR, THOMPSON: Yes.

34

QUESTION: By about what factor? I mean how much
does it reduce the energy level?

MR, THOMPSON: Brian, could you or Dr. Newell
handle this one?

MR. O'BRIEN: I think the point we have to consider

here is that damage can arise th
will absorb out the light which

to generate the electricity. Yo
face if you bombard it with part
in the laboratory.

MR. ROSEN:

MR. O'BRIEN: Quartz.

you expose it to intense radiation,
tion damage, where radiation is possible,

radiation damage.

QUESTION: Haven't the l
with unprotected cells and haven
operating, or operating quite wel

MR. THOMPSON: I will t
had one on Sputnik III which last
months -- let's put it this way,

rough discoloration which
wants to get into the cell
u can also change the sur-

icles.

This is being done

This is the carbon-base plastic?

In an unprotected one, if
then the surface radia-
there is possible

Soviets also sent up some
t they found them to be
1?

ake that one. Yes, they
ed something like two
the report that we got

says that it was still going properly something like two
months; however, they have the same problem that we have,

their apogee was something in the
it didn't stay -- of course, that
but it didn't stay there very muc
three months of operation or so
many hours in the radiation belt.

Q
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MR. ROSEN: The perigee
miles and the apogee was 1,167 mi

QUESTION: So, for the
go on protecting the cells we are
until we get some additional data
save that weight.

order of 1,200 miles but

is in the radiation belt,
h of its lifetime, so
till doesn't indicate very

of Sputnik III was 135
les.

time being I presume we will

relying upon for power
that will indicate we can



MR. THOMPSON:
the radiation belts.

QUESTION:

has = been at what altitude,

MR. THOMPSON:

QUESTION: Yes.
MR. ROSEN: 673.
MR. THOMPSON: 1Is
MR. ROSEN: John?
QUESTION: Let me

What is the distance of the
and I don't see that you

you making measurements here?

The apogee

are going through them.

35

Satellites which have to penetrate

of this, most of the life
around 7007

You are speaking of our satellite?

the| apogee.

ask a confused question here.
inner and outer radiation belts
How are
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MR. O'BRIEN: I think I had better draw a picture
here. |

This is going to be an extremely rough picture.
We have the earth; we have the Rorth and South Poles, as so;
we have essentially what we calﬂ an inner radiation belt
somewhere in there, in general about the equator, at varying
altitudes at about a thousand kglometers average. somcthing
of this order. We have the outer radiation belt which comes
around like so in the form of hdrns@ The distance here in
miles varies between;, say, 300 and 700 miles, depending on
which side of the earth you are |on.

QUESTION: Distance between what?
MR. O'BRIEN: Distance from there to there.

QUESTION: That is somewhat lower than the earlier
figures of about 2,000 miles, 1 believe, wasn't it?

MR. O'BRIEN: Well, you see this nasty point here,
this depends upon the magnetic field and your magnetic field
is displaced from the center of |the earth, the center
is further out on the one side of the earth than it is on the
other side.

In this satellite at a thousand kilometers -- call
it 600 miles -- we are picking up quite strong inner zone
over Johannesburg and over San Diego.

QUESTION: At 600 miles, you say?

MR. O'BRIEN: Yes. This is right up near the limit,
though. This is up near the apogee. This is our outer zone
which more or less filters down |in gradually decreasing
intensity. Of course, what I have drawn here are the regions
of maximum intensities and you have fringe ratings going on,
you gradually come down. This ib why earlier I drew curves
of intensity versus position whibh went like that rather than
like that and like that.

Okay, we have got thesp fringe regions. Now the
satellite at present is somehow or other cutting like so.
This is very, very rough, but thk important point here as far
as the unprotected solar cell is concerned is that it spends
quite a deal of time in these regions and a little bit up
here outside the most intense rabiation Zones.
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QUESTION: What is the distance out from the earth's
surface of the outer? |

MR. O'BRIEN: This oné, 28,000 kilometers; call it
15,000 miles. i

QUESTION: Fifteen?
MR. O'BRIEN: 15,000 +iles, yes.
|

|
QUESTION: And then i$ is —-

1}
|

MR. O'BRIEN: It stretches right down here to
altitudes of only a couple hundred miles.
|
QUESTION: Your satel}ite is cutting through the
horns. !

QUESTION: What is th# center of the outer belt
from the earth's surface? |

MR. O'BRIEN: Sorry. | The figure I gave was actually
from the center of the earth. $o you mind the center of the
earth? 1

t

QUESTION: Or surface,

MR. O'BRIEN: The Surface of the earth, it is
around 12,000 miles. |

QUESTION: But the ho#m comes down to about 2007

MR. O'BRIEN: The horn comes in here, yes, into
there. We often talk about this as being the equatorial
region because the earth's magnetic field curves in the
same way. |

QUESTION: These are the magnetic poles you have
shown here. When did we discover that the center of the
earth's magnetic field does not go through the center of the
earth? ?

MR. O'BRIEN: The mag?eticians on the surtace of
the earth discovered this quite a long time ago. They have
been trying to fit their measurements to a given form in
here. Some cosmic ray observations have reinforced this and
the fact that you get this inner zone at different points is
a further evidence. It is by n¢ means the only evidence.
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MR. THOMPSON: The Argus experiment demonstrates it.

MR, O'BRIEN: The Argu% experiment was another
demonstration of this because the Argus went further out on
the one side than the other.

QUESTION: You say it lis 12,000 miles. Then how
far out does the second belt extbnd?

MR, O'BRIEN: This is khe one in which the actual
displacement of this magnetic ba if you like, is a couple
of hundred miles, you see, and t en this couple of hundred
miles is added to --

MR, ROSEN: That is 650.

MR, O'BRIEN: The order of magnitude 300 to 500
miles or upwards of that, actually.

MR, NEWELL: Wasn't the question how far out --

QUESTION: I am trying to find out how thick the
outer belt is.,
MR, O'BRIEN: Well, this varies with solar activity.
I am sorry. I thought you were talking about this. Two
space rockets have shown different thicknesses here. One
came right out here somewhere and the other one came in, and
the Explorer VI observations acthally sampled out here, too,
and they are giving very useful information -about this.

QUESTION: How far are they? What is the thickness?
Does it go out to 35,000 or 50,0007

MR, POMERANTZ: They went to something like --

QUESTION: Mr, Van Allen says it goes as far as
50,000, but with fluctuations depending on sclar activity.

MR. NEWELL: That is night.
MR, O'BRIEN: I think ione can't lay down rigid limits

on this because you have to define what you mean by the belt at
first, and 1 said there are very extensive fringe regions.

QUESTION: How would you describe the path of this
satellite with regard to the two radiation belts in general?
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MR, O'BRIEN: Very, very roughly, that is it there.

QUESTION: What I mean is would you consider that
as putting the satellite throug# the major portion of the
inner belt and at least the fripge portions of the outer
belt; how would you describe it?

MR, O'BRIEN: I don't think it stretches really
into the heart of the inner zone¢, the inner belt here. But
we are still a little bit uncertain about this. We don't
quite know where that is either,

MR, NEWELL: I wonder if I could drop in a few
illustrative words here. The problem of the radiation belt is
rather confused because of the fact that you have a wide
range of particles, a variation with time. By way of
analogy, if you were to look at the sun's visible light
through a red piece of glass, things would look red, you
Just see red., If you look at it with a green piece of
glass, you see the green; and yellow, yellow; and so on.

In the same way here, if you look at the radiation
belt with equipment that can detect nothing below a hundred
Mev, for example, particles, then you will see one structure
for the radiation belt. If you look at it with other
equipment that can see in a different range, then the
radiation belt will look different again. And if you look
at it with, let's say, equipment that can go down into the
kiloelectron volt range or lowei, you will get an even
more difused picture of the radiation belt. But with that
qualification I would think you could say we have seen that
the radiation belt and all its complexity extends out to
maybe 50,000 kilometers. Wouldb't you say that is right?

MR. O'BRIEN: Yes.,
MR, ROSEN: Any more huestions?
Fine. This is our la%t presentation,

MR, LA GOW: We have one more presentation here.

Mr. Josef Boehm of the Army Ballistic Missile Agency will
summarize for us what the mechahical problems encountered in
devising this satellite were.

MR. BOEHM: Explorer VII was engineered to serve
as an orbital carrier for seven scientific experiments which
we have just studied. ‘
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It was a very challenging engineering task to
incorporate the great number of requirements into one mechan-
ical and electrical system. Thd complexity of the system,
the applied technology with resgect to a microminiaturization
and the light weight design makd this carrier the most
efficient and sophisticated satdllite of longest lifetime
which was ever placed into orbiq by the United States so
far, But despite the apparent qomplexity, great effort went
into establishing a relatively simple and clear layout which
now guarantees exact and unbiased measurements.

I shall point out a few of the essential develop-
ment phases.

The design development of the satellite was greatly
influenced by a series of requirements which resulted partly
from the specific mission and partly from the applied booster
system which we had to use and which we used. The most
conspicuous requirement given by the mission was that the
tumbling of the satellite had tq be avoided in any case.
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Fortunately we can say that telemeter data so far
indicates that the satellite is fine, keeping its attitude,
and there is no trace of tumble noticeable. The fact
to shape the satellite in such a way that the satellite
maintains the attitude of the spin axis was the greatest
influence to the shape the satellite finallyobtained.

We needed a disk-shaped mass distribution,
a disk-like mass distribution of suspended stabilized
body. !

The shape of the sate}lite was in addition de-
termined by providing suitable attachment possibilities
for the elements of the differemt experiments and to have
sufficient area for the solar cell areas.

Quickly I would like to go over the configurations,
You have those which Mr. Hellerishowed with his photography.
The satellite itself consists of a truncated double cone,
joined by a cylindrical center xingo

It is thirty inches long and 30 inches wide at
its equator. The instrumentation is assembled in modules
of six inches in diameter and of varying thickness.

The assembled modules have a column located
around the spin axis, Iwould 1ike later to make a sketch
of it. ‘

The desighers of the satellite had further to
consider traces which occurred through the thrusts and
the centrifugal forces. We have spin. The thrust as
you know of the configuration has 450 rpm spin. We had
to consider a great variety of vibrations. We had to see
that the eddy currents were minimized as much as possible
because the body is spinning in the earth's magnetic
field. *

The special problem was the selection of the
material for vacuum condition. | We had to introduce as a
result of design quite a number| of changes going into
quite a number of different kinbs of material.

And the last point I would like to mention,
which was explained by Mr. Heller, the influence of the
temperature control to the desi;gno There was quite a
lot of cooperation required in order to achieve the
temperature control.



émz i : 42

The total weight of the explorer VII was 92.3
pounds at launching, I have here a breakdown of the
components which I shall just quickly read.

The structure of this 92.3 pound satellite
weighed 29.6 pounds. The instruﬁent package, 14.4;

the battery supply, 15.9; solar cell arrays 18.2;
separation decision, 2.8; the detectors and sensors,
three pounds; balancing weights, .7 pounds; the rantenna
system, 108 mc. and the 20 megacycle antenna, 2.2 pounds,
the other is 3.2,

coating paint .9 pounds. The sum is 92.3 pounds. The
altitude requirement for the satellite made also the
separation of the empty shell of the last stage motor from
the satellite necessary.

Potting and wiring 1.£ pounds, and the surface

Therefore, a separation device was inserted
between satellite and the fourth'stage. As planned,
there was no dynamic disturbance caused at separation,
The transistor communications sy$tems employed two
transmitters, one solar cell po@ered operations at
20 mc.

Both communications sy$tems worked perfectly
from the beginning. The 20 megac¢ycle system went into
operation after its antenna wires were unreeled and orbited
to a diametral length of 24 feet, This happened right
after separation of the last stage shell,

So far we have measure@ only a very small spin
from the original spin. The spin as the last stage had
been fired was reduced again by the change in the
mass distribution due to the unreeling of the fullantenna
as I said to 24 feet .total ~ length,

Now, the most important prerequisite for the
success of Explorer VII was to e stablish an extremely
high degree of reliability. This was achieved by subject-
ing the satellite and its components to a most compre-
hensive and severe test program which included all func-
tional and environmental conditi¢ns or requirements,

Several prototypes of the satellite were prepared
for mechanical, electrical and t$erma1 test groups.
Space conditions were simulated for the instrumentation
by applying the temperature vacuum, '"soak" tests of long
duration.
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Just to see how the instrumentation would behave
later in orbit, the separation oﬂ the last stage shell from
the satellite was simulated to check the dynamic behavior
during the process of separation,

Separation of the extedt of 20 megacycles antenna
system was tested in a special V#cuum chamber,

After nearly two and a half months of successful
operation of Explorer VII it can safely be stated that a
remarkable progress in space technology is achieved. This
was only possible with the solid teamwork which was
performed at the Developments Opqratlons Division of
ABMA, the main load of the work heing carried on by the
Guidance Control Laboratory, and I would like to
emphasize and mention here that I am just a representative
speaking about the work and contnlbutlons many people have
given to this project. !
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QUESTION: What is t#e spin rate and rpm?

450 rpm of the cluster. And the spin rate-went down to
approximately 360 rpm at the beginning of orbiting when the
antenna system was unreeled. Wé have now a small drop, let

me say between 5 and 10 rpm, wﬁich means that the spin decay
is a very slow process and we 4re positive we have sufficient
spin-for-spin stabilization for the planned one year of
operation. ‘

MR. BOEHM: The original spin rate was normally

QUESTION: What ;was|it now, sir. I didn't hear
what you said. What is the current spin rate?

MR. BOEHM: I know iﬁ was originally roughly
360 rpm; it went down to about 300.

MR. THOMPSON: It is about 350; 348 to 350.
MR. ROSEN: Are ther% any more questions?

QUESTION: I have onéo In summing up I would like
Dr. Newell or Mr. LaGow, or someone, to give us an overall
summary of what the success of this is.

MR. ROSEN: Dr. Newell, would you reply for the
gentleman? f

MR. NEWELL: Well, I/will attempt a summary. I
may turn to Mr. LaGow to fill in some of these things.

The Explorer VII sahellitey by way of summary has
been successful in its design as you have heard from Mr.
Boehm and Mr. Heller. The temperature control is working
as it should; the temperatures| for the instruments are with-
in the proper ranges. The structure is as it should have
been; the spin rates desired, mainly about 350 rpm, were
achieved. The equipment seems/ to be working with the de-
sired reliability, and we can hope that the satellite will
operate for the full year that it is supposed to.

As to the scientific| measurements, the equipment
in this case is also working as it should, and in the case
of energetic particles, the SUI equipment is operating
properly, and there were three main phenomona observed. I
will ask for three brief statements from the SUI man right
here as to what those were.
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MR, O'BRIEN: One pheﬁomona was quite simply that
we observed bursts of sporadic radiation on 20 occasions;
another was that we observed a ﬁemporary center of increased
radiation inbetween the two radiation zones, and this is an
extension of Explorer IV work; #nd the third phenomona is
that we have been able to push the study of the Forbush de-
crease to rather lower energies,

MR. NEWELL: Picking up with this, the energetic
particles measurements include observations on the heavy
particles in cosmic radiation; that means those that have an
atomic number greater than 6. These measurements are di-
vided into three groups, all ofjthose greater than 6, all
of those greater than 9, and all of these greater than 16.
So that in effect by comparing these two measurements you
can get those between 6 and 9, those between 9 and 16, and
then those heavier, ‘

Are there any other sﬁecific items you want to
add? |

MR. POMERANTZ: Well, the energy distribution of
the heavy nuclei has been deterhined and the special distri-
bution, the geographical distrlbutionghas given data which
is related to the effect of the earth’'s magnetic field on
incoming charged particles, and| fluctuations which have not
yet been studied in detail. T@mperature variations have
also been observed,

“MR. NEWELL: Thank you.

In the radiation measyrements there is the NRL
radiation experiment which refers to the solar X-radiations;
these counters are operating preperly and are obtaining
data on the lower edge of the inner radiation belts, and
presumably are obtaining® the solar X-ray data that they were
sent up for over portions of the orbit which have not yet
been analyzed. ‘

This is the reason I §ay presumably in connection
with that statement.

In the case of the metearological experiments, the
Suonmi radiation balance experimént, this equipment, too, is
operating as it should. Somethimg like five or six thousand
measurements are being taken pef day, of which from 10 to
25 percent are being read off at the recording stations.
I will ask Dr. Suomi to add to this the main points obtained
from his measurements.
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MR, 3UCMI: The main points for the metcorologists
to analyze this enormous volume of data -~ we have for the
first time a look of a good aspect of the world's weather on
a world-wide basis or almost a world-wide basis and while
I did comment about a few detdils the real story will
come with the analysis on a world-wide basis forlonger
periods of time.

MR. NEWELL: Then picking up again we have the
micrometeorite measurements. the indications from the
equipment in the satellite are that micrometeorite

puncture and erosion for the period of time that these
observations were made is not a great engineering hazard.

This still leaves open the problem of what these
effects may be over long periods of times, say for many
years, and the plan is to continue such measurements in
other NASA satellites.

I will ask Mr. Lagow if he has anything he wants
to add. %

MR, LAGOW: I think &hat covers it. Dr. Newell.

MR. NEWELL: Then I would like to make a
general comment. You have now been hearing about an
important and versatile satcllite. You have been hearing
from the scientists who are doling the actual experimenting.

It must be clear to you how much of a team
enterprise this sort of thing is, Without a joint effort
of many people such a satellite experiment or collection of
experiments cannot get done.

Now the question naturally arises as to how this
teamwork can be broadened. In‘particular how can the
participation of the 501ont1f1c community be enlisted on the
broader basis, ‘

In this connection NASA would like to make the
following announcements: the individual experiments
on this team have made available to us the conplete
telemetry codes for their expexlments and instructions
on how to use themn.

This material would make possible to scientists
around the world who are able to record the telemetry data
that they can reduce this data for themselves and participate
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in the experiments. We will praoceed to assemble these
telemetry codes and instructions and in the near future
will be prepared to accept requests from scientists around
the world, both in our country and in other countries, for
copies of these telemetry codes and the accompanying
instructions,

Iithink that winds it up.
MR. ROSEN: All right, ladies and gentlemen --

QUESTION: When you say in a position to accept
requests -- is this an indirect way of saying you will send
it out to any qualified scientist who asks for it or will there
be exercised certain limitations?

MR. NEWELL: We will send it out to any qualified
scientist who requests it. 7

QUESTION: On either sideof the Iron Curtain?
MR. NEWELL: Yes, sir.
MR. ROSEN: Anyone whogcan receive it.

QUESTION: Is there any particular area of the
world where you are much more interested where you have a
big gap where you would like to get scientists than in any
other?

MR. NEWELL: I would 1le to ask the individual
scientists to answer this question.

MR.ROSEN: Dr. O'Brien apparently has a few
gaps.

MR. O'BRIEN: Well, these examples of gap, --
this is not intended to be a comprehensive list --

MR, ROSEN: Or an invitation?

MR. O'BRIEN: . Japan we now have with the NASA
station, we would like some in China, in the Soviet Union,
in India, in the South Pacific, and this matter is being
rectified, too, and also in the. East Indies. - -

MR. NEWELL: Any others?

MR, SUOMI: I might add Central Africa.

3
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MR. POMERANTZ:. I would like to say Amen to that
and to have as much coverage in the equatorial region
as possible.

MR. ROSEN. What is in Central Africa?

MR. SUOMI: Nairobi.

MR. ROSEN: Any more duestions?

QUESTION: I have one%more question for Dr. O’'Brien.

Presumably. Doctor, it is conceivable, isn't it,
that during the remaining active lifetime of the satellite
that these sporadic bursts that have occurred between the
inner and outer layers, you get more records on, them and
is it conceivable that you will get something on the
nature of these things to tie in with this question of
whether or not they might be protons from the sun?

MR. O'BRIEN: Yes. indeed. This is one of the
very great advantages of.the long life of Explorer VII,
because these are relatively rarb phenomena and by, of
course, extending the lifetime we hope to get more examples
of them to help clear up some of the problems.

QUESTION: I do not know whether this is a
question for Dr. Newell or for Dr. O'Brien. But when
I was out at the University of Iowa maybe six or nine
months ago, we had a lot of the early Vanguard and Explorer
data but it was being processed manually with only a
aandful of people,

Here we spend great sums of money to go out and
make these measuremcnts and get the data and then we save
a few pennies by not buying the modern data, handling
and analyzing equipment on the market.

Have any steps been taken to speed up the o
reduction of the useful data from the raw data from the
satellites.

MR. NEVWILL: Let me take a crack at an answer
to this.

This is a very serious problem because after all
the data are the harvest of all your activity and also
because it is a very costly phase; it is remarkable how
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expensive this can get when you sit down and begin to add
up the dollars.

For this reason NASA has a committee right now of
people concerned with this business working out a data
acquisition handling and use plan which will involve the
questions of the modern equipment, computers, and so forth,

and their availability to the sclientists to get this work
done,

This committee does not have an easy job and we
do not expect them to have a full answer for perhaps as much
as half a year, so we expect to pick up partial answers for
the individual satellites as we go along and we are already
picking up answers for the satelllites that are in orbits,

MR. ROSEN: Incidentally, Phil, just the cost
of tape alone is running at $5,000 a month.

.QUESTION::. I appreciate these things are costly
but the end result of all the expense is useful data and
it would be a shame if buried somewhere in these tapes
is some data that is of value but we would not discover
it for another three years.

QUESTION: Is this inyitation for participation
that is going out to scientists throughout the world,
is that for participation for Explorexr VII only?

MR.ROSEN: Let'sfinish this one here.

MR. THOMPSON: I would like tomake a statement
about this automatic reduction of satellite data. When
one realizes the fact that you are pressing transmitter
power, information rates, you have a lot of ground inter-
ference which you cannot control and all in all you
normally get back signals which are, when reduced to paper
are actually put on magnetic tapé, are not of a quality that
you can reduce with equipment.

We are in luck when weihave passes of any
duration that are suitable for automatic reduction, so --

QUESTION: I do not want to labor the point
but girls were sitting out there with rulers, not even
using these elementary tapes, pushing a button, having
a punched card automatically fall out. Out there
were one or two girls sitting there, miles and miles of
tape and they were analyzing it, I guess, at about a
foot per minute rate.

)
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MR. “TOMISON: Cur experience has been keeping this
machine running that you punch the button on and which
is just about as time-consuming as some of the reduction,

MR. NEWELL: It is not an easy problem and the
answer is going to be individually tailored to individual
situations and in some cases, in fact in many cases you
will continue to have people with rulers and miles of
tape to pick out spots and look at them.

In other cases you will use the machines when
these work out best.

MR. ROSEN: I think the SUI representative
vould like to --

MR. O'BRILN: No; my comment has already been
stated.
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MR. LA GOW: I would like to ask Dr. Suomi to make
a statement to be used. He is planning to use a machine,

MR. SUOMI: The experimenter at the beginning of
the experiment is naturally inquisitive about what's going
on and you usually try to do things by hand because this
seems the fastest. Then you re@ch the stage where you know
you have to put it down because the data is piling up on
you. Well, we have at Wisconsin a program to utilize the
704 which the Mid-Western Universities Research Association
has there. The apparatus is set up to accept data at high
speeds, approximately 512 times the regular play-back
speed. This noise which has been mentioned is definitely
a problem; it's almost as bad aé trying to talk against
this banging radiator we have had all afternoon. But there
are some tapes, a large number, actually, which are very
clear and these can be processed automatically. Moreover,
this is a very challenging situation to engineers, and so on
to eliminate the noise where it is possible, and this is
being worked upon. We are very close, but we are not
quite there. Perhaps in another month or so.

MR. ROSEN: Well, gentlemen, --

QUESTION: Would you answer that question about
whether or not this invitation includes only the Explorer VII
or all satellites that we have up there that are still oper-
ating?

MR. NEWELL: This is only Explorer VII; we have
the telemetering codes from this satellite.

MR. ROSEN: We have ten more months of expected
life to go. :

MR. NEWELL: This same consideration will un-
doubtedly come up in connection with every satellite we put
up, but will have to be handled in connection with individual
satellites. Sometimes the whole problem of reducing the
data and interpreting them properly without getting errors
to creep in will mean that this has to stick with the
scientists who designed the experiment and put it up.

QUESTION: Thank you very much.
MR. ROSEN: Thank you very much.

(Whereupon, at 3:30 p.m. the press conference was
concluded.)





